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Innovation in microelectronic technology ts the key to 
growth at Standard Microsystems. 


Since its inception, Standard Microsystems has been a leader in creating new tech- 
nology for metal oxide semiconductor large scale integrated (MOS/LSI) circuits. 

For example, while the first MOS/LSI processes were p-channel, it was recognized 
very early that an n-channel process would greatly improve switching speeds and 
circuit density. However, the fundamental! problem of parasitic currents needed to 
be solved. The research and development staff at Standard Microsystems recognized 
this problem and directed its energy toward the development of its now-famous 
COPLAMOS® technology. COPLAMOS® defines a self-aligned, field-doped, locally 
oxidized structure which produces high-speed, high-density n-channel IC’s. 

In addition, on-chip generation of substrate bias, also pioneered by Standard 
Microsystems, when added to the COPLAMOS® technology, results in the ability to 
design dense, high-speed, low-power n-channel MOS integrated circuits through the 
use of one external power supply voltage. . 

Again recognizing a need and utilizing its staff of qualified process experts, Stan- 
dard Microsystems developed the CLASP® process. The need was for fast turna- 
round, easily programmable semi-custom LSI technology. The development was 
CLASP®, a process that utilizes ion implantation to define either an active or passive 
device which allows for the presence of a logical | or 0 in the matrix of amemory or 
logic array. This step is accomplished after all wafer manufacturing steps are 
performed including metalization and final passiviation layer formation. Thus, the 
wafer can be tested and stored until customer needs dictate the application, a huge 
saving in turnaround time and inventory costs. 

These innovations in both process and circuit technology have received wide- 
spread industry recognition. In fact, many of the world’s most prominent semicon- 
ductor companies have been granted patent and patent/technology licenses covering 
various aspects of these technologies. The companies include Texas Instruments, 
IBM, General Motors, ITT, Western Electric, Mostek, Hitachi and Fujitsu. 

Over the past few years, scientists and engineers at Standard Microsystems have 
been developing a technology to significantly reduce the sheet resistivity of 
polycrystalline silicon and thereby dramatically decrease internal time constants in 
MOS devices. Their work has culminated in the successful completion of a program 
to replace polycrystalline silicon in n-channel MOS devices with an alternate mate- 
rial, titanium disilicide. This has enabled Standard Microsystems to become the first 
semiconductor manufacturer to market and sell MOS/VLSI circuits which employ a 
metal silicide to replace the conventional doped polycrystalline silicon layer. 


4 
=! 
e 
o 
care) 
wv 








11 


Our engineering staff follows the principle that “necessity 
is the mother of invention.” 


This philosophy led Standard Microsystems Corporation to COPLAMOS®, CLASP®, 
and Titanium Disilicide gate technology, as well as other innovative developments. It 
also brings companies to us to solve tough problems that other suppliers can’t. 

But it’s a philosophy that involves more than just developing the next generation of 
MOS/LSI devices. 

Such exploration, for example, helped Standard Microsystems recognize the need 
for communication controllers to handle the latest dafa communication protocols. 
As a result, Standard Microsystems was the first to introduce a one-chip LSI controller 
for HDLC protocols—the COM 5025. 

The COM 5025 is so versatile it can actually provide the receiver/transmitter func- 
tions for all the standard bit and byte oriented synchronous protocols, including 
SDLC, HDLC, ADCCP, bi-sync and DDCMP. 

In another area, CRT display systems have traditionally required a great deal of 
support circuitry for the complex timing, refresh and control functions. 

This need led the engineers at Standard Microsystems to develop the CRT 5027 
Video Timer and Controller (VTAC®) that provides all these functions on a single 
chip. This left the display, graphics and attributes control spread over another 20 or 
30 SSI, MSI and LSI devices. Standard Microsystems combined all these functions in 
the CRT 8002 Video Display Attributes Controller (VDAC™). The COPLAMOS® pro 
ccess was used to achieve a 20 MHz video shift register, and CLASP® was used for 
fast turnaround of character font changes through its last stage programmability. 

So from 60 to 80 integrated circuits, Standard Microsystems reduced display and 
timing to 2 devices, drastically reducing the cost and size of today’s CRT terminals. 

Another major achievement was the development of the “next generation” Video 
Processor And Controller (VPAC™), the CRT 9007. This chip replaces up to 80 SSI 
and MSI TTL devices as well as providing a hardware solution to many of the 
software problems of CRT Video Controller design. 

Achievements like these help keep Standard Microsystems custom and standard 
products in the forefront of technology with increased speeds and densities, anda 
lower cost per function. 
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Improvements in processing and manufacturing keep 
pace with advances in semiconductors. 


With the phenomenal growth of the electronics industry, innovation is, of course, 
highly desirable. But if the products are to perform as designed, they also have 
to be reliable. 

That’s why at Standard Microsystems we take every means to insure the utmost 
quality and dependability. Consequently, “state-of-the-art” applies not only to our 
products, but to the way we manufacture them. 

In wafer fabrication, the latest equipment and techniques are-employed. In addi- 
tion to conventional processing equipment, we use ion implantation technology 
extensively. We also use plasma reactors for much of our etching and stripping oper- 
ations to maintain tight tolerances on process parameters. 

To make plastic packaging immune to moisture, we use a process that deposits a 
protective (passivating) layer of silicon nitride on the device surface. 

Standard Microsystems processes include high and low voltage p-channel metal 
gate, n-channel silicon gate (COPLAMOS®), high-speed n-channel silicon gate with 
depletion mode devices, CLASP® and titanium disilicide gate. In general, these 
processes have been engineered so that they are also compatible with most 
industry standard processes. 

One obvious advantage our total capability gives customers, is that they can bring 
us their project at any stage in the development process. For instance, they may 
already have gone through system definition. Or they may have gone all the way to 
prototype masks, and only want production runs. 

It makes no difference to Standard Microsystems. We can enter the process at 
any level. 

Our full service capability lets us make full use of the technologies we develop. We 
can produce any quantity of semiconductors customers may require. And we can 
offer them one of the fastest turnaround times in the industry. 
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Standard Microsystems’ Custom Capability. 


Custom MOS. A Small 
Revolution with a Large Impact. 


Remarkable advances in semiconductor 
technology, combined with the availability of 
quality, low-cost electronics, continue to open 
new markets for products incorporating micro- 
electronic components. 

Today, metal-oxide semiconductor/large 
scale integrated (MOS/LSI) circuits are integral 
components in computers and computer 
peripherals, automobiles, televisions, electrical 
appliances, data communications, bank termi- 
nals, telephones and a host of other signif- 
icant applications. 

With further applications for large scale inte- 
grated and very large scale integrated (VLSI) cir- 
cuits being discovered every day, one thing is 
certain. They will have a profound effect on our 
lifestyle. 


Custom Commitment 


Standard Microsystems is organized into three 
separate Product Lines; Custom Products, 
Standard Products and Systems Products. Cus- 
tom Products has its own management, market- 
ing, and engineering team that is fully dedicated 
to developing and producing custom products. 

Custom MOS/LSI is a major portion of our 
business. Fully one-third of all our revenue is a 
direct result of our custom MOS/LSI projects. 

Over the years, Standard Microsystems has 
developed custom circuits for a wide variety of - 
applications: Computers and computer periph- 
erals, telecommunications and data communi- 
cations, garage door openers and burglar 
alarms, electronic toys and games, musical 
instruments and more. Both over-the-air and 
cable T.V. systems have made use of our cus- 
tom circuits. One company’s line of word proc-, 
essing equipment makes almost exclusive use 
of our custom LSI. 

As a company committed to serve the custom 
marketplace, Standard Microsystems has devel- 
oped the resources and established procedures 
for MOS/LSI circuit development that enables 
the company to respond rapidly to growing cus- 
tomer needs. 
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System Design—The Alternatives 


The electronic system designer can select from 
several alternatives in the implementation of the 
system. The optimum selection for any system 
will depend upon the relative significance of the 
following factors— 

* Costs—developmental, production and 

maintenance; 

¢ Performance—speed, power dissipation; 

¢ Form factor—system size and weight; 

¢ Uniqueness—proprietary features; 

¢ Development time—product introduction; 

¢ Reliability—mean time between failures 

(MTBF). 

No single alternative is best for all cases— 
each respresents a combination of advantages 
and disadvantages to be evaluated for the sys- 
tem under consideration. The major alternatives 
available are listed below. 


Standard Circuits 


The use of “off the shelf” small scale (SSI), 
medium scale (MSI), or large scale (LSI) inte- 
grated circuits is appropriate whenever develop- 
ment costs and time must be kept to a 
minimum, and system performance require- 
ments can be met by interconnecting numbers 
of such standard components. Standard Micro- 
systems is a recognized industry leader in 
standard LSI components for the data communi- 
cations and computer peripheral markets. 


Microprocessors 


These programmable LSI standard circuits can 
be the elements of choice for certain classes of 
systems where there is a good fit between the 
microprocessor capability and the system 
performance requirements. The system parts 
count is reduced at the expense of a longer 
(software) development time. 


Gate Arrays 


A gate array is a semi-custom circuit containing 
a pattern of elements which can be selectively 
interconnected to form the desired logic. The 
interconnections are typically accomplished by 
a customized metal pattern. 

For low to medium volume production, these 
“hardware programmable” circuits can reduce 
parts count and offer some degree of unique- 
ness, at modest development cost and time. 


The Custom Option 


Standard Microsystems offers two custom 
design alternatives: fully crafted custom design 
and cell library based designs. Where reduction 
of chip size for lowest production pricing in 
high volume is the dominant factor, the fully 
crafted design method will provide the best 
solution. However, development costs and 
development time will be greatest. Where quick 
turnaround and reduction of engineering costs 
are dominant factors then use of our cell library 
design approach will be the better alternative. 

Regardless of the design approach, a custom 
LSI will provide— 


Lowest Overall Cost 


The overall cost savings realized with custom 
LSI can be substantial, especially when high- 
volume production is encountered. 

Savings are effected in several ways. Because 
custom designed circuits contain only neces- 
sary components, the cost of unused circuitry 
on standard microprocessors or integrated cir- 
cuits is eliminated. Costs for troubleshooting, 
repair and warranty claims are reduced. In addi- 
tion, custom MOS can be more economical over 
SSI and MSI when purchase, inventory and 
assembly costs are considered. Also, when a 
system contains a large amount of SSI and MSI, 
its custom counterpart can significantly reduce 
power consumption. 


Lowest Parts Count 


There are many applications where a single- 
package custom LSI circuit can out-perform a 
microprocessor and its ROM and RAM circuits 
while reducing costs. A custom LSI unit can rap- 
idly execute repetitive functions using high 
speed logic. A microprocessor needs time- 
consuming algorithms to do the same thing. 


Highest Reliability 


Higher reliability is achieved, especially when 
replacing circuits that contain significant 
amounts of SSI and MSI. Fewer parts and solder 
points reduce the failure rate and raise the relia- 
bility. This means low MTTR (mean time to 
repair), which translates into lower mainte- 
nance costs and higher customer satisfaction. 


Minimum Size, Weight, Power Dissipation 


The size and complexity of printed circuit 
boards are greatly reduced when using a cus- 
tom circuit. The custom circuit results in a most 
compact package, specifically designed to per- 
form only the necessary tasks utilizing mini- 
mum power and space. 
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Unique Proprietary Features 


Proprietary design is another major benefit. It 
protects your design from would-be copiers 
because it makes testing and support difficult. 
This, coupled with the complexity of custom 
semiconductor fabrication, makes duplicating 
your custom circuit far less probable. 
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The Full Design Custom 
Program 


Typically in a custom program where Standard 
Microsystems performs all of the operations— 
from design through to finished product—the 
following sequence applies: 


Evaluation 


The customer’s system characteristics are care- 
fully evaluated from the information provided 
to determine the feasibility of the custom 
approach, considering such factors as system 
partitioning, functional performance, opera- 


tional environment, operating speed, power 


requirements, process selection, packag- 
ing and testing. 

' If the conclusion is positive, Standard Micro- 
systems will quickly provide a Quotation to the 


- potential customer, which will include— 


¢ a firm development schedule 
¢ the non-recurring engineering charge (NRE) 
* a production price schedule 


System Definition 


Once the design is authorized, a thorough spec- 
ification review takes place between Standard 
Microsystems’ engineers and the customer’s 
engineers. In this critical phase, Standard 
Microsystems’ years of successful design expe- 
rience are applied as an extension of the cus- 
tomer’s design resource in a close working 
relationship. 


Circuit Design 


Required functions are converted to detailed 
MOS logic. The logic is verified via advanced 
logic simulation routines, utilizing our in-house 
computers VAX 11/780, 782, and/or breadboard 
emulators. Circuit simulation is done using 
SPICE, MOSAID, and Standard Microsystems 
written software. 


Artwork Generation 


At Standard Microsystems, device layout is a 
blend of custom “hand-crafting” and sophisti- 
cated CAD, using our Calma GDS 1 AND GDS II 
color graphics systems, to achieve the optimum 


composite drawing in terms of size and sched- 
ule. Check plots are obtained on our Xynetics 
and Versatec plotters, and advanced design rule 
checks (DRC) and electrical rule checks (ERC) 
provide comprehensive artwork verification. 


Mask Fabrication 


Production tooling is obtained from qualified 
mask vendors to Standard Microsystems’ exact- 
ing, above-industry standards. Colored overlays 
of each mask layer are typically used as a final 
check point. 


Wafer Fabrication 


Standard Microsystems offers a variety of pro- 
cesses, including a CMOS silicon-gate process, 
and a range of n-channel! silicon-gate proc- 















SMC PROCESS CHARACTERISTICS 
TYPICAL } 


CHANNEL SUPPLY FEATURES/ 
PROCESS TYPE LENGTH VOLTAGES F REO. COMMENTS 
9000 n-MOS | 4 +5,+12 30MHz n-channel, si-gate 
(optional) process, moderate 
— 5, (optional) to high performance. 
eee ee very See performance 


2400 CMOS | 2-3 ae hemo advanced si-gate 
CMOS process. 





esses. We will determine the appropriate proc- 
ess to satisfy each customer's cost/performance 
requirements. 

All wafer processing is done in our facilities, 
utilizing state-of-the-art equipment. Standard 
Microsystems has made substantial investments 
in direct-step-on-wafer equipment, and 
advanced ion-implantation, sputtering, deposi- 
tion and plasma etch equipment. 


Assembly 


Standard Microsystems can provide a wide vari- 
ety of industry-standard packages, including 
ceramic, plastic and CERDIP dual-in-line types, 
flat-packs and chip carriers. The latest in auto- 
mated equipment, such as our automatic wire 
bonders, insure high quality and high volume 
throughput. . 





See process. 





Customation™ 


CUSTOMATION™ is the name given to Standard 
Microsystems’ cell library design system. It is 
centered around the use of an engineering 
workstation and software design tools supplied 
with that workstation. We are installing our cell 
library on most popular workstations. In cases 
where customers do not have and prefer not to 
acquire a workstation our software can be run 
on a VAX computer. 

Though Standard Microsystems can perform 
the cell array design, most customers prefer to 
take our training course and perform the design 
themselves. The typical steps which are 
involved are listed below: 


(a) Logic Design and Schematic Capture—The 
designer performs the logic design at the 
workstation. He manipulates and inter- 
connects logic symbols from our library 
constructing the logic schematic of his 
chip and forming a database called a net- 
list as he goes. This netlist becomes the 
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basic input to the other software tools that 
analyze, check and translate the design 
as necessary. 

Timing Analysis—The circuit is analyzed 
for speed and timing. Critical paths are 
analyzed to verify that the final chip will 
perform adequately to meet speed 
requirements and that no race conditions 
exist. 

Logic Simulation—The circuit as a whole 
or parts of the circuit are analyzed bya 
logic simulation program to verify that the 
circuit will perform logically as expected. 
Place-and-route—This program takes the 
cells, interconnects them and places them 
in rows to form the actual chip. The place- 
ment is optimized to minimize the inter- 
connect and chip size. This is usually run 
by SMC. 

Verification—Programs are run to check 
that the layout accurately represents the 
original design. 

Fabrication—SMC then has the masks 
made and fabricates the prototype parts. 


(b) 


(c) 


(d) 


(e) 


(g) 


Customer Owned Tooling 


An area of continuing interest to Standard 
Microsystems is that of Customer Owned Tool- 
ing (COT) or Customer Supplied Tooling (CST). 
In contrast to a full custom design program 
where Standard Microsystems is responsible for 
the MOS design, a COT/CST program is one in 
which the design function will be completed by 
the customer or an outside design house. 

Many customers find it desirable to develop 
an in-house LSI design capability, for their inter- 
nal circuit requirements. Standard Microsys- 
tems can provide valuable assistance in 
achieving this goal. 

The customer then provides Standard Micro- 
systems with either a completed composite 
drawing, a data base tape (in suitable format), 
or an actual processing mask set. Whatever the 
entry level, Standard Microsystems is prepared 
to carry the program through to completion. 

If the design is in the formative stages, the 
requirements will be studied and the most suita- 
ble set of design rules will be provided. 

If the design is already completed, Standard 
Microsystems will examine the design rules 
used and recommend which of our processes is 
most compatible. If small variations to our 
“standard” processing are required, they can 


usually be accommodated at little or no expense. 


Standard Microsystems has developed com- 
prehensive test sites that are incorporated into 
our masks for the purpose of parametric and 
quality assurance measurements. Automated 
equipment collects and stores measurements 
from these test sites. If a customer purchases 
wafers from us, these measurements are pro- 
vided with the wafers. If a customer chooses to 
have masks fabricated himself, our test site can 
be provided for incorporation into the masks. 

Standard Microsystems is also prepared to 
work with customers in establishing a suitable 
test interface which will enable us to provide 
the wafer probe and final test operations. 

Of course, packaging and burn-in are 
also available. 

Whichever approach is taken, Standard 
Microsystems wants to partcipate ina 
partnership that makes best use of our respec- 
tive areas of expertise. We’ll work together to 
bring the project to completion; on time and 
on budget. 


Customer Interface 


Standard Microsystems is a “full capability” 
company. We have the resources—an experi- 
enced staff and state-of-the-art equipment—to 
design, process, package and test our Custom 
MOS circuits. 


Our customers are becoming increasingly 
aware of the benefits of custom circuits in their 
product lines. They know their products and 
markets best. Some have developed the techni- 
cal expertise to perform or participate in the 
early design phases of a custom program. For 
this reason, Standard Microsystems offers a var- 
iety of customer interface possibilities to serve 
the broadest possible market. 


Communications: The Key to 
Custom Development 


On every Custom program, we establish com- 
munications with our customers that last 
throughout the development and production 
phases. 

Our engineers work in an environment that 
stimulates creativity while encouraging adher- 
ence to pragmatic objectives. The status of each 
program is closely monitored. Strict scheduling, 
thorough program management and frequent 
customer contact have become the hallmark of 


_ aStandard Microsystems Custom program. 
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Numerous testimonials from satisfied cus- 
tomers give evidence of our ability to perform— 
to specification and on time. 
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STANDARD MICROSYSTEMS 
——_—— 


Quality Assurance 
and Quality Control 


Volume manufacturing of quality products requires a rig- 
orous commitment on behalf of STANDARD MICRO- 
SYSTEMS and all of its employees. Each phase of the 
operation from design to shipping must adhere strin- 
gently to documented procedures which have produced 
a product of proven reliability. 


The design of a reliable product is assured by adherence 
to tested and proven design rules. Any change in design 
rules must be evaluated using a design-rule test vehicle. 
Each new product is evaluated first by prototype wafer 
runs and thorough preliminary production and device 
characterization. 


Manufacturing flow is monitored by Quality Control to 
insure that parameters meet specifications on incoming 
material, within the line and at outgoing inspection. Clean 
room standards, calibration and work methods are also 
monitored. 


The Quality Assurance Department is the customer rep- 
resentative with the primary responsibility of evaluating 
product to current industry standards and related 
responsibilities of evaluating developmental processes, 
product and the standards themselves. 


The following is a more detailed description of the types 
of screening performed and how SMC is organized to 
produce quality products. 


1.0 Scope 

The measures taken by SMC to produce reliable inte- 
grated circuits and the assembly/screening options 
available to the customer are given in this section. 


2.0 Approach 

Factors relating to quality and reliability are discussed in 
the following order: package options, screening, pro- 
cess control, test and characterization, quality conform- 
ance/reliability testing, and failure analysis. 


3.0 Applicable Documentation 


SMC internal specifications define every phase of pro- 
duction and must be approved by the designated rep- 
resentatives of Engineering, Manufacturing, Processing, 
Quality Control and Quality Assurance departments. 


3.1 Design Rules (DR-XXXX) 


3.1.1 Geometric design rules define layout consider- 
ations, alignment structures, critical-dimension targets, 
and input-protection networks. 


3.1.2 Electrical design rules define performance cri- 
teria, measurement methods, device parameters, and 
process parameters. 


3.2 Purchase Specifications (PS-XX) 
All critical material is purchased to SMC specifications 
from qualified vendors. 


3.3 Process Specifications (WX-XX, AX-XX) 


3.3.1. The procedures used for wafer processing and 
assembly of microcircuits are fully documented. 


3.4 Quality Control Procedures (QC-XX) 


QC procedures define the sampling techniques, accept/ 
reject criteria and test methods used in quality audits. 
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3.5 Quality Assurance Procedures (QA-XX) 


QA procedures define methods for product/process 
qualification, reliability testing and failure analysis. 


3.6 Military Standards and Specifications 


MIL-C-45662 Calibration System 


Requirements 


MIL-I-45208 Inspection System 
Requirements 

MIL-M-38510 General Specification for Micro- 
circuits ; 

MIL-M-55565 Packaging of Microcircuits 

MIL-STD-105 Sampling Procedures and Tables 
for Inspection by Attributes 

MIL-STD-883 Test Methods and Procedures for 
Microelectronics 

MIL-STD-1331 Microelectronics Terms and 
Definitions 

4.0 Package Options, Features 

4.1. Ceramic (no suffix) 


50x inches gold plating on external leads and die cavity, 
gold eutectic die attach. 


4.2 Tin-Plated Ceramic (Suffix “TC”) 


Over 200 inches tin plating on external leads, gold on 
die cavity, gold eutectic die attach. 


4.3 Cerdip (Suffix CD”) : 

Meets MIL-STD-883 internal moisture content require- 
ments of Method 5005. Substrate connections are made 
through jumper chips, gold eutectic die attach. 


4.4 Plastic (Suffix “P”’) 


The plastic used is a B-type epoxy or an approved 
advanced type having a better resistance to a humid 
environment. Gold eutectic die attach and gold bond 


wires are used. Lead material is MIL-M-38510 para3.5.6 
type B (42 Alloy) with a solder lead finish. 


5.0 Screening Options 

5.1 High-Reliability Screening 

The routing is as defined in MIL-STD-883 Method 5004 
for Class B product. Periodic Quality Conformance data 
(para. 10.2) is taken on generically similar parts. Asam- 
ple flow chart for ceramic product is given on page 6. 
5.1.1 Internal Visual 


Both Die and Preseal Visual inspections are to the cri- 
teria of Method 2010, Condition B of MIL-STD-883. An 
AQL audit is performed on each lot by Quality Control. 
5.1.2 Stabilization Bake 


All parts are placed in 150°C storage for 24 hours per 
Method 1008, Condition C of MIL-STD-883. 


5.1.3 Temperature Cycling 


Allparts are subjected to 10 cycles of — 65°C to + 150°C 
per Method 1010, Condition C of MIL-STD-883. 


5.1.4 Constant Acceleration 

All parts are subjected to a 30,000 g force in the Y1 ori- 
entation per Method 2001, Condition E. 

5.1.5 Seal 

Hermeticity testing is performed to conditions A and C 
of MIL-STD-883 Method 1014. 

5.1.6 Pre burn-in Electrical Test 

Ordinarily this is the same as final electrical test. 

5.1.7 Burn-in 


Condition A and Condition D of MIL-STD-883, Method 
1015 are available. The stress is applied for 168 hours at 
125°C or at other temperatures according to the time- 
temperature regression. 


5.1.8 Final Electrical Test 

Verifies functional and parametric performance to the 
device specifications. 

5.1.9 Final Visual Inspection 

Allparts are inspected to Method 2009 of MIL-STD-883. 


5.2 Standard Screening 


Standard Screening is designed for the industrial-com- 
mercial customer and is available in all package types. 
For hermetic packages, temperature cycling, centrifuge 
and hermeticity are specified as well as die, preseal, and 
final visual inspection. 


5.2.1. Standard Die and Preseal Visual Inspections 
(AC-04, AC-08) 

These inspections were developed from Method 2010 of 
MIL-STD-883.The inspection criteria are specific to SMC's 
pMOS and nMOS COPLAMOSE technologies. 

5.2.2 Temperature Cycling (AC-15, AD-13) 


Temperature cycling is performed to the MIL-STD-883, 
equivalent of Method 1010, Condition C, — 65°C/+ 150°C, 
ten cycles. 

5.2.3 Constant Acceleration (centrifuge) (AC-16, AD-14) 
Constant Acceleration is performed to the MIL-STD-883, 
equivalent of Method 2001, Condition E, 30,000 g in the 
Y1 orientation. 

5.2.4 Hermeticity (AC-11, AD-15) 


Includes fine and gross leak testing to SMC equivalent 
of MIL-STD-883 Method 1014 Conditions A and C. 
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5.2.5 Final Electrical Test 


Verifies functional and parametric performance to the 
device specifications. 


5.3 Custom Screening 


Certain applications require special screening which can 
be arranged upon request. 


6.0 Electrical Test 
6.1 Probe and Final Test 


SMC test programs are developed by the Test Engi- 
neering Department and verified by device characteri- 
zation. An approval procedure is required for the transfer 
of a new test program or a revised test program from 
engineering to production. 


6.2 Characterization/correlation 


Characterization of parts and correlation of test results 
with customer incoming testing performed on SMC test 
equipment, including Megatest and Sentry™ test sys- 
tems. 


6.3. Product Engineering 


SMC product engineers characterize parts to improve 
processing target parameters and test correlation with 
customers. 


7.0 Purchased Material 


All manufacturing materials are purchased from quali- 
fied vendors to SMC procurement specification. 


8.0 Quality Control 


The Quality Control Department reports at the same level 
as the manufacturing, test and process engineering 
departments. QC is responsible for incoming inspec- 
tion, in-process audits, out-going inspection, document 
control, processing returned material and certification of 
compliance to specification. 


8.1. Incoming Inspection 

Inspectors verify critical parameters on all material used 
in manufacturing. The department maintains an approved 
vendor list and interfaces directly with vendor QC 
departments. 

8.2 In-process Audits 

QC performs an on-going monitoring of wafer process- 
ing, test and assembly functions. 

8.3 Outgoing Inspection 

QC inspectors verify proper documentation and perform 
an external mechanical/visual inspection on each lot prior 
to shipment. 

8.4 Document Control 


All procedures for design, wafer processing, assembly, 
quality contro! and quality assurance are maintained by 
document control: 

8.5 Returned Material Processing 


Returned material, whether for device performance or 
clerical reasons, is processed through visual and elec- 
trical testing. 

8.6 Certificates of Compliance 


Certificates of Compliance are available for specified 
screening and/or for products ordered under a customer 
part number/specification. 


9.0 Quality Assurance 
The Quality Assurance Department is the customer’s 
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representative and is independent of the product line and 
manufacturing organizations. Quality Assurance is 
responsible for reliability assessment of new and exist- 
ing processes, material analysis, failure analysis, and 
development of evaluation methods. 


9.1. Process Qualification 

All new processes and process revisions must equal or 
exceed the reliability of existing processes on applicable 
sections of the SMC Quality Conformance Test. 


9.2 Quality Conformance Test 


Samples of finished product are tested periodically to the 
criteria of QA-01 (see table 1). This test sequence pro- 
vides historical data which is also used for qualification 
of new products and processes. The various subgroups 
contain tests referenced in Method 5005 of MIL-STD-883 
as well as tests designed around industry requirements 
not yet incorporated in military standards. 


9.3 Analysis 

9.3.1 The analytical facilities include a scanning 
electron microscope (SEM), an infrared microscope, 
optical microscopes, an X-ray unit and electronic test 
instruments. 


9.3.2 Scanning electron microscopy is used in the 
periodic evaluation of workmanship in wafer processing 
and assembly, to support engineering efforts at process 
development and improvement, and in failure analysis. 


9.3.3 Failure Analysis is performed upon request by 
sales, marketing or manufacturing organizations and is 
also performed on reliability test failures. The failure 
analysis procedures support the development of new 
product, process improvements, and the evaluation of 
screening methods. 


9.3.4 Material analysis is performed on layers of the 
integrated circuit and on packaging to support the engi- 
neering development. This characterization is per- 
formed on in-house facilities. Independent outside 
analytical laboratories are used to supplement SMC 
facilities if and when required. 


10.0 Lot Traceability 


SMC maintains traceability on all product types in all 
packaging options (including plastic). The information 
available includes: 


10.1 Wafer Processing Records 


Sign-off and date on all operations, critical measure- 
ments and inspection records. 





DATE CODE INTERPRETATION 


84, 41. .M 


the last two digits of the number of year ai 


the calendar week of the year 


lot identification suffix 


BI = BURN-IN (WHEN APPROPRIATE) 


BI 






ee we ew ee eee 


DEVICE TYPE 







SMC ; 
DATE CODE 


~ TOP MARKING 
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ASSEMBLY LOCATION 


(IF OTHER THAN U.S.A.) 





BOTTOM MARKING 


10.2 Wafer Lot Acceptance (Mapping) 


Device parameters are recorded using a precision para- 
metric interface to a Digital Equipment Corporation PDP 
11/23 computer. The data base at wafer map includes 
probe and wafer processing records (run sheets). 


10.3 Wafer Probe and Final Test Data 


These are correlated with mapping results to develop 
optimized process targets and yield improvement. 


10.4 Assembly Records 


Inspection results and screening throughput is recorded 
with ideale and sign-off for each lot. 





TABLE 1—QA-01 QUALITY CONFORMANCE 


GROUP B TESTS 


SMC Test 
Test Method 

Subgroup 1 

Physical dimensions QC-22 2016 

QC-21 2015 Manlang Permanence [es 
Subgroup 3 

Solderability QA-10 2003 See morale of 

260 +1 


Subgroup 2 
Resistance to solvents 


Subgroup 4 
Internal visual and 
mechanical 


Subgroup 5 
Bond strength 
(1) Thermocompression 
(2)Ultrasonic or wedge 
Die shear strength 


Subgroup 6 
Internal water-vapor 
content 


Subgroup 7 
Seal 
(a) Fine 
(b) Gross 
Subgroup 8 
Electrical parameters 
Electrostatic discharge 
sensitivity 
Electrical parameters 





GROUP C TESTS—DIE RELATED 


SMC Test 
Test Method 
Subgroup 1 
Steady state life test QA-02 
End-point electrical Final test 
parameters 





Subgroup 2 
Temperature cycling 
Constant acceleration 


AC-15 
AC-16 





Seal 

(a) Fine 

(b) Gross 

Visual examination 
End-point electrical 
parameters 


AC-11 


QC-22 
Final test 


_Mil Std 
883 
Method 


2011 
2019 
1018 


Failure criteria from design 
and construction 
requirements of applicable 
procurement document 


(1) Test condition C or D 
(2) Test condition C or D 


5,000 ppm maximum water 
content at 100°C 


As applicable 


Group A, subgroup 1 
Test condition A or B 


Group A, subgroup 1 





Method 





1005 








Condition 





Quantity/ 
acceptno. or 
LTPD 


4 devices 
(no failures 


1 device 
(no failures) 


3 devices 
(no failures) or 
5 devices 
(1 failure) 


Quantity/ 
accept no. or 
LTPD 





Test condition to be 
specified (1,000 hours at 
125°C) 

As specified in the 
applicable device 
specification 





5 





Test condition C 
Test condition E min. 
Y, orientation only 
As applicable 


As specified in the 
applicable device 
specification 
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15 





2 devices every package 
(no failures) 


every 
shipment 


periodic 
conformance 


periodic 
conformance 


periodic 
conformance 


periodic 
conformance 





periodic 
conformance 
all hermetic 


new device 
types 





Package 
Type 


all 


all 
hermetic 











GROUP D—PACKAGE RELATED 


Mil Std Quantity/ 
SMC Test 883 accept no. or . Package 
Test Method Method LTPD Type 
| 














Subgroup 1 
Physical dimensions 2016 15 


Subgroup 2 
Lead integrity QC-19 2004 Test condition B2 (lead al 
fatigue 
Seal AC-11 1014 As applicable all 
e Fine hermetic 
b) Gross 
Lid torque 2024 As applicable cerdip onl 


Subgroup 3 
Thermal shock Test condition B, 15 cycles all 
AC-15 Test condition C, 100 hermetic* 
cyc!ss 
AC-11 As applicable 
Per visual criteria of 
Method 1004 and 1010 
As specified in the 
applicable device 
specification 
Test condition B minimum 15 all 
Test condition A minimum hermetic 
AC-16 Test condition E minimum, 
Y, orientation 
AC-11 As applicable 
As specified in the 
applicable device 
specification 


Temperature cycling 
Subgroup 5 
Salt atmosphere 1009 Test condition A minimum 15 all 
Seal. AC-11 1014 As applicable hermetic* 
Visual examination Per visual criteria of 
Method 1009 


Subgroup 6 
Internal water-vapor 1018 5,000 ppm maximum water 3 devices all 
content at 100°C (no failures) hermetic 
or 5 devices 
(1 failure) 


content 






























Moisture resistance 

Seal 

(B} Fine 
b) Gross 

Visual examination 


End-point electrical 
parameters 





Subgroup 4 
Mechanical shock 
Vibration, variable 
frequency 
Constant acceleration 







Seal 

(a) Fine 

(b) Gross 

Visual examination 
End-point electrical 
parameters 



















Subgroup 7 
Adhesion of lead finish 


Subgroup 8 
Humid Environment 









QA-04 1000 hours 85°C/85% 


Relative Humidity 


End-point electrical Final test 


parameters 


Subgroup 9 
Autoclave (Pressure 
Cooker) 

End-point electrical 

parameters 
















QA-05 24 hours at 2 atm 121°C 





Final test 





*packages having gold plating thicknesses of 50 microinches or less are not required to pass subgroups 3 and 5. 
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HI REL AVAILABLE 
CERAMIC ON ALL HERMETIC PACKAGES* 


WAFER LOT ACCEPTANCE WAFER LOT ACCEPTANCE 
WAFER PROBE WAFER PROBE 
AC-01 SAW AC-01 SAW 


AC-02 BREAK AC-02 BREAK 


= 
2 
-— 
[=] 
us 
ie) 





AC-03 DIE PLATE AC-03 DIE PLATE 


AC-04 STD DIE VISUAL DIE VISUAL 


METHOD 2010 COND. B 


QC-32 DICE INSPECTION AUDIT 
QC DIE VISUAL AUDIT 


AC-05 DIE ATTACH METHOD 2010 COND. B 


AC-05 DIE ATTACH 


QC-35 DIE SHEAR AUDIT 
METHOD 2019 


AC-06-AL WIRE BOND | AC-07-AU WIRE BOND DIE SHEAR STRENGTH 
QC-31 BOND STRENGTH AUDIT 


AC-08 PRE-SEAL VISUAL INSP 
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METHOD 2011 BOND STRENGTH 


QC-33 PRE-SEAL AUDIT PRE-SEAL VISUAL 


METHOD 2010 COND. B 


AC-09 SEAL 


PRE-SEAL VISUAL AUDIT 


AC-10 MARK METHOD 2010 COND. B 


AC-15 TEMP CYCLE —65/+ 150°C 10 CY AC-09 SEAL 


AC-16 CONST ACCEL Y1-30,000 G AC-10 MARK 


AC-11 HERMETICITY METHOD 1008 STABILIZATION BAKE 


METHOD 1010 COND. C 


Bae TRIM "TEMP CYCLE 


FINAL TEST METHOD 2001 COND.E 


CONSTANT ACCELERATON 
PACK 


METHOD 1014 SEAL 
(HERMETICITY) 


OUTGOING INSPECTION 


QUALITY ASSURANCE AUDIT AC-12 TRIM 


SHIP PRE-BURN-IN TEST 
METHOD 1015 BURN-IN 
FINAL TEST 
PACK 


METHOD 2009 
EXTERNAL VISUAL 


OUTGOING INSPECTION 


ta 
4 
=. 
a 
= 
Ve} 
=z 
=) 
Q 
= 
S 
= 
< 
= 
[o) 
= 
fe) 
> 
i) 
=~ 
i) 
G 
ash 
oO : 
a 
—_ 
o 
re) 
oO 
a 
o 
3 
re) 
ue) 
bal 
oO 
Q 
c 
Q 
Comal 


his QUALITY ASSURANCE AUDIT 
Similar flow charts exist for cerdip and TC packaging. All 
ACXX, QCXX procedures are under SMC Document Control. 
All Method XXXX procedures are MIL-STD-883 Test Methods. SHIP 
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PLASTIC (NOTE 1) 
WAFER LOT ACCEPTANCE 
WAFER PROBE 


SAW/BREAK 


DIE PLATE 
SECOND OPTICAL DIE VISUAL 
DIE VISUAL AUDIT 
DIE ATTACH 


DIE PUSH TEST 


WIRE BOND 


BOND STRENGTH AUDIT 


THIRD OPTICAL PRE-SEAL VISUAL 


PRE-SEAL AUDIT 


MOLD 


BACK-SIDE MARK 


TRIM/FORM 


SOLDER DIP — 


MARK 


OPEN/SHORT TEST 


EXTERNAL VISUAL 


MECHANICAL/VISUAL 
MARKING PERMANENCE 


FINAL ELECTRICAL TEST 
PACK .- . 


OUTGOING INSPECTION 


QUALITY ASSURANCE AUDIT 


SHIP 


Note 1—Plastic assembly is sub-contracted. Assembly 
operations are controlled by SMC approved 
sub-contractor specifications. 
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CERDIP 
WAFER LOT ACCEPTANCE 
WAFER PROBE 
AD-01 SAW 
AD-02 BREAK 
AD-03 DIE PLATE 
AD-04 STANDARD DIE VISUAL 
QC-32 DICE INSPECTION AUDIT 
AD-05 DIE ATTACH 
QC-35 DIE SHEAR AUDIT 


AD-07 WIRE BOND 


QC-31 WIRE PULL AUDIT 
AD-09 PRE-SEAL VISUAL INSPECTION 
QC-33 PRE-SEAL AUDIT 
AD-10 PRE-BAKE 
AD-11 SEAL 
AD-12 MARK 


PS-10 TINPLATE © 


PS-10 VISUAL INSPECTION 
ao 5 SOLDERABILITY AUDIT 
AD-13 TEMP CYCLE 
AD-14 CONST ACCELERATION 
AD-15 HERMETICITY 
AD-16 TRIM 
FINAL ELECTRICAL TEST 
PACK 
OUTGOING INSPECTION 
QUALITY ASSURANCE AUDIT 


SHIP 


MIGSTD- | ~MIL-STD- 1553 (fanchester) Interface 
| ISSSA UART | 
_| MIL-STD- 
1553B UART 
TASTRO 


Controller 


“MIL-STD-1553B (Mfanch e 


Controller 


Asynchrongnd/ Synchronous o 
_Transmitter/Receiver, Full Duplex, € 8-8 
_ data bit, 1X or S2X clock | ee 


Universal Asynchronous Receiver! 


Aeromitier, Full Duplex, 5-8 data bit, : 
1, 1¥2, 8 stop b bit, sphanced. distortion. 


“margin 2 


| R645 USART 


| Universal AEVnSHeGUGUs Hocoiver a Al 

| | Transmitter, Full Duplex, ey cate ae 
jody la, 2 stop bit oe 

RS 449 Compatible Universal 

_| Synchronous/Asynchronous 
—Receiver/Transmitter 


_ Universal Asynchronous — 


‘Transmitter, Full Duplex, 6-8 data bit, . 


1, 2 stop bit _ : 
Universal Synchronous BeceWar 


Transmitter, oh BOG Biayng 
compatible : 


_ Universal sy AahIPOROUS/ASyRORTEROLE 
ate neers Full Duplex, 5-8 . 


| data bits; 1, 11%, 4 Bon bit, i 16x, 
64x clock - 


‘Universal Bia chrontie/Acynoneonets 


Receiver/Transmitter, Full Duplex, 5-8 


|| data bits; 1, 1s, 2 stop bit, 1X, 16K, 


‘lSDIO HDL, ADOGP Bisyne, DDOMP 


compatible, automatic bit stuffing/ — 
stripping, frame detection /generation, 


ORC generation/checking, sync Gotection : 


Intelligent Interface Controlle 
for ee he eS age) 


‘Companicn de device to cont 5025 
- eo oe 


Universal Apyuchiongua h Rocciven 


Transmitter Full Duplex, 8-6 data bi 


1,114, 2 stop bit - 


ome! Se : 


_ Universal Bynehrodou 


_| Receiver/Transmitter, 
| data bit, 1, 142,2stopb 
_ | Universal Asynchronous 
_ Transmitter, Fay 2 ipl 
A L2stoppit | 


| IBM S274 Compatib 


rele 


| Local Area Network ‘Transceive 
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STANDARD MICROSYSTEMS 
——— 


COM 1553A 


[LPC FAMILY 


MIL-STD-1553A “SMART°” 


FEATURES 


C) Support of MIL-STD-1553A 
CL) Operates as a: Remote Terminal Responding 
Bus Controller Initiating 

CJ Performs Parallel to Serial Conversion when 
Transmitting 

CJ Performs Serial to Parallel Conversion when 
Receiving 

CL) Compatible with HD-15531 Manchester Encoder/ 
Decoder 

C] All Inputs and Outputs are TTL Compatible 

LC Single +5 Volt Supply 

C} COPLAMOS® N Channel MOS Technology 

XC Available in PC Board Form from Grumman 
Aerospace Corporation 


PIN CONFIGURATION 


“O" MSG FLG 
“0” WRAD FLG 
IVWF 
DTA AVL 
RCV INT 
TXINtT 
CMD SYN 
DTA SYN 33 ADS 
RCVNRZ 9 32 ROE 
SWE 10 3107 
POR 11 30 D6 
TA 12 29 D5 
RCV CLK 13 28 D4 
VW 14 27 03 
SEND DATA 15 26 D2 
DTA RQST 16 25 D1 
MSG COMPLI 17 24 DS 
TX ENA 18 23 TOE 
TX CLK 19 22 TX MODE. 
XMIT NRZ 20 21BC 


40 GND 
39BDCST . 
38 Vcc 

37 AD1 

36 AD2 

35 AD3 

34 AD4 


On Ook WN 


PACKAGE: 40-pin D.LP. 





GENERAL DESCRIPTION 


The COM 1553A SMART® (Synchronous Mode Avionics 
Receiver/Transmitter) is a special purpose COPLAMOS 
N-Channel MOS/LSI device designed to provide the 
interface between a parallel 8-bit bus and a MIL-STD- 
1553A serial bit stream. 


The COM 1553A is a double buffered serial/parallel and 
parallel/serial converter providing all of the “hand 
shaking” required between a Manchester decoder/ 
encoder and a microprocessor as well as the protocol 
handling for both a MIL-STD-1553 bus controller and 
remote terminal. 


The COM 1553A performs the following functions in 
response to a 16 bit Command Word. It provides address 
detection for the first five bits of the serial data input. 
If all 1s appear in the address field, a broadcast signal 
is generated. The sixth bit is decoded as mode: transmit 
or receive. The next five bits are decoded for zero 
message flag and special flags in the subaddress/mode 
field. The last five bits (word-count field) are decoded 
determining the number of words to be received or 
transmitted. 


When receiving data sync the COM 1553A performs a 
serial to parallel conversion, buffers the 16 bit message 


word, and formats it into two parallel (8 bit) bytes for 
presentation to the I/O bus under processor or hard 
wired logic control. 


In the transmit mode the COM 1553A takes two parallel 
8 bit data words from the I/O bus and serially transmits 
the resultant 16 bit word to the Manchester encoder. 
This is done under the control of Send Data. To facilitate 
data transfer the COM 1553A provides all necessary 
buffering and storage for transmitted and received data. 
It also provides all necessary hand shaking, control 
flags and interrupts to a processor or hard wired logic 
terminal. See block diagram 1. 

The COM 1553A can be set up as either a remote termi- 
nal ora bus controller interface. 

The COM 1553A is compatible with Harris’ HD-15531 
CMOS Manchester Encoder-Decoder chip and inter- 
faces directly with it. A 3 device kit consisting of: SMC’s 
COM 15534, Harris’ HD-15531 and Circuit Technology's 
CT1231 forms a complete system interface for the 
message structure of MIL-STD-1553A. See block 
diagram 2. 

Note: All terminology utilized in this data sheet is 
consistent with MIL-STD-1553. 
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TERMINAL 
ADDRESS 


TX ENABLE 
SEND DATA 

DATA REQ 
DATA AVAIL 


RCV INTERRUPT 


TX INTERRUPT 
INTERRUPT ACK 


ENABLE 











HARRIS 
HD 15531 
ENCODER/ 
DECODER 






1553A DATA BUS 









MANCHESTER 





BLOCK DIAGRAM 2 


CONTROL 


TX MODE 


COMMAND SYNC 
DATA SYNC 
RCV NRZ 
RCV CLK 





BLOCK DIAGRAM 1 


FLG 


MSG CMPLT 
RCV CLK 


INV WORD 
RCV NRZ 


a 
16 BIT REC DATA S/R 


8 BIT BIDIRECTIONAL 
DATA BUS 


0 A, 


16 BIT TX S/R | | 


BUS 
CONTROLLER 














"0" MESSAGE FLG 
"0" WORD FLG 
INVALID WORD FLG 




















































a MESSAGE COMPLETE PROCESSOR 
ae ae eee C BROADCAST. INTERFACE 
SM DATA REQUEST 
aes COMISSSA(" | DATA AVAIL 
| RGV INTERRUPT 
TXENABLE |) ap | [TXINTERRUPT 
SEND DATA | SHAKES 
| 


TAKE DATA ENBL_ 
BUS CONTROLLER 















CONTROL { 


5 POR 
AD1-ADS5 


TERMINAL 
ADDRESS 
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DESCRIPTION OF PIN FUNCTIONS 


PIN NO NAME SYMBOL FUNCTION 
OMF 


“0” MESSAGE FLAG ft The ZERO MESSAGE FLAG output is set when the 7th 


through 11th bits of the NRZ serial input data in a command 
“@” WORD FLAG QWF 










1 






envelope (see figure 1) are zero. @MF is an open drain output. 









The ZERO WORD FLAG output is set when the 12ththrough 
16th bits of the NRZ serial input data in a command envelope (see 
figure 1) are zero. BWF is an open drain output. 












INVALID WORD 
FLAG 


The INVALID WORD FLAG output is set when the word just 
received has an invalid parity bit or invalid format. IVWF is an open 
drain output. 









DATA AVAILABLE is set when a word received is ready to be read. 
When the COM 1553A is the bus controller, DTA AVL occurs on 
command, status or data words. When the COM 1553A is a remote 
terminal, DTA AVL is set only on data words. DTA AVL is an open 
drain output. 






3 
4 


Y DATA AVAILABLE 












RECEIVE INTERRUPT is set to zero when the 6th bit following a 
command sync is azeroand thefirst5 bits match AD1-ADS5. RCV INT 
is reset to one by IA or POR, or if the line is not active for 32 

receive clocks. 


RECEIVE INTERRUPT 











TRANSMIT INTERRUPT TRANSMIT INTERRUPT is set to zero when the 6th bit following a 
command sync isa one, and thefirst5 bitsmatchAD1-AD5. TXINTis 


reset to one by IA or POR. 









COMMAND SYNC is an input from the Manchester decoder and 
must be high for 16 receive clocks enveloping the receive NRZ data 
of acommand word. 





7 COMMAND SYNC CMD SYN 


i) DATA SYNC DTA SYN 
RECEIVER NRZ 


1 STATUS WORD SWE is the output enable for the following open drain outputs: 
ENABLE OMF 
QWF 
IVWF 
DTA AVL 
1 
1 






DATA SYNC is an input from the Manchester decoder and must be 
high for 16 receive clocks enveloping the receive NRZ data of a 
data word. 











Receiver serial input from Manchester decoder. Data must be stable 
during the rising edge of the receive clock. 















MSG CPLT 







POWER ON RESET. Active low for reset. 


DTA RQ 
POWER ON RESET | POR | 





INTERRUPT ACKNOWLEDGE IA TA resets TX INT, REC INT, @MF, @WF and BRD CST. 1A may occur 








between the trailing edges of receive clocks 6 and 10, orbetween the 





leading edge of receive clock 12 and the falling edge of receive clock 
15, or after the falling edge of clock 17. 


RECEIVE CLOCK RCV CLK | The RECEIVE CLOCK is synchronous with the Receiver NRZ input 

during the command sync or data sync envelopes. 

VALID WORD VW This input is driven by the VALID WORD output of the Manchester 
Decoder. VW should occur immediately after the rise of the first 
RCV CLK following the fall DATA SYNC or COMMAND SYNC. 





0 
4 
2 
3 
14 
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DESCRIPTION OF PIN FUNCTIONS 


PIN NO. NAME SYMBOL FUNCTION 


15 SEND DATA SEND DATA is a “handshake” signal received from the Manchester 
encoder indicating that the encoder is ready for the COM 1553A to 
transmit data. SD will bracket 16 transmit data clocks. The contents 
of the transmitter buffer will be transferred into the transmit register 
when SD is low. 

DATA REQUEST DTA RQST | DATA REQUEST is an open drain output which is set high when 
the transmitter holding register is ready to accept more data. 


MESSAGE COMPLETE MSG CMPLT | Inthe receive mode the MESSAGE COMPLETE output is set low 
receive mode. TXENA will be reset during the next SEND DATA 


when the appropriate number of data words have been received. In 
TRANSMIT ENABLE TXENA 
envelope. 























transmitted. MSG CMPLLT is an open drain output. 





















ATRANSMIT ENABLE signal will be sent to the Manchester 
Encoder to initiate transmission of a word. TXENA is generated 
under the following conditions: 
1) COM 1553A is a bus controller: A TXMODE pulse will set TXENA. 
A second TXMODE pulse will reset TXENA. 
2) COM 15534 is a remote terminal. A Transmit Command from the 
Controller will cause a TRANSMIT INTERRUPT (see pin 6). When 
this is acknowledged by a TXMODE pulse from the system, TXENA 
will be set. 
TXENA wiil then be reset by either 

A) Send Data Command associated with the last data word. 

B) asecond TXMODE pulse. 
3) COM 1553<A is a remote terminal. The falling edge of a DATA 
SYNC associated with the last data word of a message while in the 

















the transmit mode, MSG CMPLT indicates that the appropriate 
number of command, status or data words have been transmitted. 
When the COM 15534 is a bus controller, MSG CMPLT will be 
asserted low when 33 command status or data words have been 
TRANSMIT CLOCK | TXCLK | Transmitter shift clock. , 
TRANSMIT NRZ | XMITINRZ | ——— Serial data output to the Manchester Encoder. 
BUS CONTROLLER eu determines whether the COM 15534 is acting as bus controller 
(BC = 0) or asa remote terminal (BC = 1). 
TRANSMIT MODE TXMODE TXMODE is a system input controlling transmission. See TXENA 
(pin 18). 





TAKE DATA ENABLE TDE is an input from the system initiating transmission. Two TDE 
pulses are required for each 16 bit data word, one for secu 8 data 
bits placed on D@-D7. 

24-31 DATA ae DQ-D7 Bidirectional 8 bit Data Bus to the system. D@ is the LSB. D@-D7 
present open drain outputs. 


aa READ DATA ENABLE RDE is an input from the system instructing the COM 1553A toplace 


the received data onto D@-D7. Two RDE pulses are required per 16 
33-37 | ADDRESS AD5-AD1 


bit data word, one for each 8 bits. 
POWER SUPPLY —— +5 Volt supply. 
BROADCAST BDCST BDCGST is set low when a “broadcast” command word (the address 
bits all set to “one”) is being received. BDCST is reset by IA. 
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AD1-AD5 provide addressing to the COM 1553A. Each input has a 
pull-up resister allowing simple switching to ground to select the 
user address. 








OPERATION...RECEIVE MODE 


The COM 1553A is considered in the receive mode when 
TXENA = 0. The most significant bit of both command 
and data words is received first. 


Message reception is initiated when CMD SYN goes 
high. The next 16 receive clocks are used to shift serial 
data into RCV NRZ. 


The first 5 bits of a command word designate a remote 
terminal address. These 5 bits are compared with AD1-5. 
Should the address bits compare, the sixth bit is 
examined. If it is a zero, a RECEIVE INTERRUPT is gen- 
erated. If it is a one, a TRANSMIT INTERRUPT is 
generated. 


Bit fields 7-11 and 12-16 are examined for all zeros. All 
zeros in bit field 7-11 denotes a“ZERO MESSAGE’ and all 
zeros in bit field 12-16 denotes a “ZERO WORD.” 


Receipt of a data word is indicated when DTA SYN 
goes high. 


When DTA SYN or CMD SYN goes low, the contents of 
the 16 bit receive register are loaded into the receive 
buffer. The buffer is organized into two groups of 8 bits 
each. The most significant 8 bits (byte 1) will be enabled 
onto the 8 bit data bus on receipt of the first RDE pulse 
(RDE1). The second byte will be enabled on receipt 
of the second RDE pulse (RDE2). . 


A DATA AVAILABLE is generated for data words only. 
However, data will be available on D@-D7 for both com- 
mand and data words. 





If 32 clocks are received after the rising edge of CMD 
SYN or DTA SYN an “Idle Line Reset” condition exists. 
This implies that a new CMD SYN or DTA SYN has not 
yet been received within 16 clocks of the fall of the 
previous sync signal. The “Idle Line Reset’ will reset the 
following signals: 


REC INT “QO” MSG FLG 
TX INT “0” WRD FLG 
BRD CST 


When the commanded number of data words have been 
received, a MESSAGE COMPLETE signal is generated. 


As the transmitter and receiver registers operate 
independently, the COM 1553A will receive its own 
transmission. The following signals are inhibited during 
transmission: 


BC =0 BC =1 
REC INT DAT AVL 
XMT INT IVWE 
BRD CST REC INT 
QWF XMT INT 
OMF OMG 
JAM MESSAGE ERROR* @WF 

BRD CST 


JAM MESSAGE ERROR* 


*JAM MESSAGE ERROR is an internal signal. See 
OPERATION... TRANSMIT MODE. 


SRR 2 RT SP 
OPERATION... TRANSMIT MODE 


The COM 1553A is considered in the transmit mode 
when TXENA = 1. This is caused by a TXMODE pulse 
(see description of pin functions, pin 18). The TXMODE 
pulse in turn is a system response to a transmit 
command from the receiver. 


When the Manchester Encoder receives TXENA = 1, it 
will respond with SEND DATA = 1. The COM 1553A will 
then send the system a DATA REQUEST. 


Datais loaded into the transmitter data buffer from the 
8 bit data bus by pulsing TDE. The 8 most significant 
bits are loaded in by the first TDE pulse (TDE1), the 8 
least significant bits by the second TDE pulse (TDE2). 


When SEND DATA (pin 15) is low, the transmitter shift 
register inputs will follow either the transmit buffer 
output, JAM ADDRESS or JAM MESSAGE ERROR sig- 
nals. When SEND DATA is high, the shift register parallel 
inputs are disabled and the shift register contents are 
shifted out in NRZ form using the 16 negative edges in 
the send data envelope. 


To facilitate transmission of the status word from a 
remote terminal, the COM 1553A will “jam” the first 
(most significant) 6 bits of the status word into the 
transmit register when BC is high. These bits will 
automatically be sent at the first SEND DATA pulse. In 
general for MIL-STD-1553A the remaining 10 bits will 
normally be all zeros and will automatically be sent out 
as such. lf it is desired to send additional status 
information (for MIL-STD-1553B), a TDE1 pulse will load 
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the least significant 2 bits of the first 8 bit byte, and a 
TDE2 will load all 8 bits of the second byte. Note that 
these TDE pulses must be sent (and data presented) 
before the first SD = 1 response from the Manchester 
Encoder. 

A JAM ADDRESS occurs when 1) a transmit command 
is addressed to the COM 1553A 2) A TXMODE pulse is 
received and 3) a valid word signal is received. Upon a 
JAM ADDRESS the COM 1553A will load its address into 
the first 5 bits of the transmit register. 


Alternatively, aJAM ADDRESS will also occur at the 
fall of the last data sync after valid receive command 
has been detected. 


The JAM ADDRESS function will be inhibited if a “O” 
word and “0” message condition exists in the command 
word. The JAM ADDRESS will be reset by the leading 
edge of SEND DATA. 


The JAM MESSAGE ERROR function occurs when, in 
the receive mode, a data word is not followed by a 
VALID WORD ‘signal. JAM MESSAGE ERROR consists 
of loading a one in the sixth bit location of the transmit 
shift register (the message error location). 

JAM MESSAGE ERROR is inhibited when the transmit 
command word contains “0” Message and “0” Word 
fields. 

When the commanded number of data words has been 
transmitted a MESSAGE COMPLETE signal will be 
generated. 





GENERAL OPERATION NOTES 


1. BUS CONTROLLER. When BC = 0, signifying that the COM 1553A is the bus controller the following is true: 
A. DTA AVL is generated on the rising edge of the 17th receive clock following a Command Sync or Data Sync. This 
allows the bus controller to receive command, status or data words regardless of their address. 
B. TXENA is contingent only on TXMODE. A bus controller can therefore transmit whenever it desires. 
C. The jam functions are inhibited. 


2. INVALID WORD FLAG. When BC = 0, IVWF will be set if the Valid Word input (from the Manchester decorder) does 
not go high following receipt of all words. This includes words received from the same device's transmitter. (This 
provides a validity test of the controller transmission). 


When BC = 1, IVWF will be set if Valid Word does not go high following receipt of all command and address words 
addressed to the terminal. 


IVWF will be set for the following conditions: 


Message type Word Terminal is IVWF generated 
Transit Group Transmit command receiving yes 
Status word transmitting no 
Data word transmitting no 
Receive Group Receive command receiving yes 
Data word receiving yes 
Status word ' transmitting no 
Receive/Transmit Receive command receiving yes 
Group (this Transmit command receiving no 
terminal addressed Status word receiving no 
to receive) Data word receiving yes 
Status word transmitting no 
Receive/Transmit Receive command receiving no 
group (this terminal Transmit command receiving yes 
addressed to Status word transmitting no 
transmit) Data word transmitting no 
Status word receiving no 


3. POWER ON RESET. During power-up, POR is a low to high exponential with a minimum low time, after the 
supply is within specified limits, of 10 microseconds. POR may also occur asynchronously anytime after power 


has stabilized. 


POR initializes the following outputs: 


OMG REC INT TDE. 
OWF MSG CMPLT DTA AVL 
BRD CST IVW. TXENA 
XMT INT RDE DTA RQ 


The following circuit may be used to implement POR. 






10K 


2mtd 


4.WORD COUNT: Word count is decoded as follows: 
D1 D2 D3 D4 D5 Word Count 


TRIGGER 


TO OTHER SYSTEMS 


1N914 or equiv. 


O° 0:00 4 1 
00010 2 
te. Aes me 9 31 
00000 32 
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TRANSMIT TIMING FIGURE 1 


je 1 >} — 2 —o |e — 3 —o } e— 4 — >| |~«— 18 —>}4—~ 19 > }-<— 20 —> 





MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range: oivosceicans wens ema amas ids 050s o8 eee he Mewes Rela uaeeees -55°C to +125°C 
Storage Temperatura Range... cs iestew st. eStats e ide eeoet A caw hares le lenecd thee Ss decade -55°C to +150°C 
Léad Temperature (soldering; 10 SOC.) vcs ccieac esis a waes weet eae bee we pws Sw DAW ee eee ameds +325°C 
Positive Voltage on any Pin, with respect to ground ....... cece ccc cece cence een eee teen eenee +8.0V 
Negative Voltage on any Pin, with respect to Qround .......... cece cee eee cette eect eee eeeens -0.3V | 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes 
or “glitches” on their outputs when the AC power is switched on and off. In addition, voltage transients on the 
AC power line may appear on the DC output. If this possibility exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta = -55°C to 125°C, Vec = +5 +5%, unless otherwise noted) 









PARAMETER 


DC CHARACTERISTICS 
Input Voltage Levels 

Low Level, Vit 

High Level, Vin 
Output Voltage Levels 

Low Level Vor 

High Level Vou 

Low Level Vor 
Output Leakage, Ito 
Input Current, AD1-AD5 
Output Capacitance 
Input Capacitance 
Power Dissipation 


COMMENTS 


lo. = -1.6 mA, except open drain 
lon = 100 A, except open drain 
lo. = -1.6 mA, open drain output 


Vin = OV 
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PARAMETER 


AC CHARACTERISTICS 


Clock Frequency 

Clock Duty Cycle 

Rise and fall times, IA, TDE 
TX MODE, SWE, 


rise and fall times, all 
other inputs 
receiver clock-NRZ 
receiver clock-sync delay 
receiver clock-VW delay 
VW reset delay 
transmit clock-TX ENA delay 
TX ENA pulse width 
transmit clock-send data set-up 
transmit clock-send data hold time 
transmit clock fall to NRZ 
transmit clock rise to NRZ 
TX MODE pulse width 
TX MODE to TX ENA delay 
VALID word to TX ENA delay 
Data sync to TX ENA delay 
TX ENA réset delay 
DATA SET-up time 
TDE pulse width 
Data Hold time 
Cycle time 
DTA RQST Delay 
Output Enable time 
RDE Pulse width 
receive cycle time 
Flag delay time 
Output disable time 
SEND DATA delay 
TDE off delay 
TDE1 delay 
SYN to RDE 
RDE toSYN 
Status word Enable 
Status word Disable 
Flag delay time 
VW delay time 
IVWF delay time 
DTA AVL delay time 
DTA RQST delay time 
BRD CST delay time 
BRD CST pulse width 
flag reset delay 
interrupt delay 
IA pulse width 
Interrupt pulse width 
Flag reset time 
DTA AVL reset delay 
IVWE reset delay 
MSG CMPLT turn-on delay 
MSG CMPLT turn-on delay 





fr, fr: 


tr, tf 


tr, tf 
tan 
tsr 
trv 
tvs 
tx 
txw 
tts 
tst 
ttn 
tnt 

tmw 
tmx 
tvx 
tox 
tsx 
to1 
to2 
tos 
tos 
tos 
tos 
to7 
tos 
tos 

: to10 
tou 
to12 
to13 
to14 
to1s 
tse 
tso 
ter 
tev 
tel 
tep 
tsr 
tre 
tew 
tis 
tri 
tia 
tw 
trr 
tro 
trv 
tur 
tur 


980 
45 


25 
60 


95 
150 


100 
150 
100 
450 
450 
100 
150 
450 
450 
100 
25 
1.5 
500 
500 


150 


1000 
50 
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1020 
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85 
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40 
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750 
750 
750 


16000 


17000 


3.5 


2.5 
100 
100 
90 
450 


500 
450 


750 
1.5 


450 
750 
750 
1.5 
1.5 


KHz 
% 


ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
us 
ys 
ns 
ns 
Us 
ns 
ns 
ys 
ns 
ns 
ns 
ns 
us 
ys 
ns 
Us 
ns 
us 
ns 
ns 
ns 
Us 
us 


figure 3B 
figure 3B 
figure 3B 
figure 3C 
figure 4A 
figure 4A 
figure 4B 
figure 4C 
figure 4B 
figure 4B 
figure 5A 
figure 5B 
figure 5B 
figure 5C 
figure 5C 
figure 6A 
figure 6A 
figure 6A 
figure6A 
figure 6A 
figure 6B 
figure 6B 
figure 6B 
figure 6B 
figure 6B 


. figure6C 


figure6C 
figure 6C 
figure 6D 
figure 6D 
figure 8A © 
figure 8A 
figure 8B 
figure 8B 
figure 8B 
figure 8B 
figure 8C 
figure 8C 
figure 8D 
figure 8D, 8E 
figure 8D 
figure 8D 
figure 8D 
figure 8F 
figure 8F 
figure 8F 
figure 9A, 9B 
figure 9A, 9C 


RECEIVE TIMING FIGURE 2 


CMD SYNC | | 


DATA SYNC | | 


a 
VW | 


RECEIVER INPUT TIMING FIGURE 3 TRANSMITTER TIMING FIGURE 4 
3A 


RCV CLK 
COMMAND/ 


DATA SYNC 


tes 2 CLOCK CYCLE 


RCV CLK 


SEND DATA 
CMD/DATA SYNC 





CMD/DATA SYNC 


SEND DATA 
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TRANSMIT ENABLE (TX ENA) TIMING FIGURE 5 


TX MODE 


tuw 


| 


TX ENA ee Pa aa ee 


tux] rf 


ives, -L5l6] 7] 8] of] nfrefisfralistie] | TT I | a 


* 
meres fein | 


TX MODE, NEGATIVE TRANSITION WILL 
OCCUR IN CROSS-HATCHED AREA. 


ree REX jp 


1 
| 
—»| | rm tus min 


VALID WORD nore YP 
TX ENA aa are 


LAST DATA , | 
SEND 


* THIS IS A CMD WORD BEING RECEIVED, IT IS ADDRESSED TO THIS BUFFER AND THE 
T/R BIT =1. TX ENA IS RESET BY 2ND TX MODE NEGATIVE TRANSITION OR BY 
LAST SEND DATA (MESSAGE COMPLETE FUNCTION). 


——— 
DATA SYNC 


ROV BIT TIMES Tete 


| 
| 
| 
| figural 
tox +] set be tex 


SEND DATA, ————_{ ‘ 


** THIS IS THE LAST DATA WORD BRING RECEIVED. THIS TERMINAL PREVIOUSLY 
HAD RECEIVED A REC CMD WORD WITH OUR ADDRESS AND A REC/XMIT BIT =0 
DURING THIS MESSAGE SEQUENCE. TX ENABLE IS SET BY MSG CMPLT 
FUNCTION AND RESET BY RECEIPT OF SEND DATA. 
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DATA BUS TIMING FIGURE 6 


BITS 8-15 


DTA RQST 


“£ 


SECTION Ill. 


BITS @7 BITS 8-15 











DATA BUS TIMING FIGURE 6 IA RESETS FIGURE 7 


6C 


1492131415 1607 181 9110119112113114 515 116117 1181191201 
REC CLK 


| 

| | 

SEND DATA CMD SYN | 
{ 

BRD CST Ea 

| 


TOE TDE2 STATE TDE1 STATE 


; 


NOTE: SEND DATA RISING EDGE INITIALIZES TDE TO TDE1 STATE 





INVW FLG 


(DATA SYNC = 1) 
6D = 


TX INT OR REC INT Ze! 


| | 
1A EX. EBERT ZZ, ge ZA Ze 


7 10 12 15 7 
RISES FALLS RISES FALLS FALLS 





TA OCCURRING DURING ZONE A RESETS: BRD CST. TX INT. REC INT. 

1A OCCURRING DURING ZONE B RESETS: BRD CST. TX INT. REC INT. “O" MSG FLG. 

TA OCCURRING DURING ZONE C RESETS: BRD CST. TX INT. REC INT. "0" MSG FLG. 
“O" WRD FLG. 





STATUS FLAGS FIGURE 8 


SWE 
STATUS BITS 
tee tro 


be 10 foe 11 fe 12 fe — 13 fee 14 fee 15 fe — 16 — fee 17 — fe 18 | 
meee TM teed teae Wa etek irucct al | 


O MSG FLG 


@WRO FLG 


DTA AVL 


Notes: 1. SWE =0 een 
2. IVWF and DTA AVL reset by RDE2 or REC CLK 14 of the 
next word 


rr Rr A 


SEND DATA 


OTA RQ 


be— 4 oe 5 —of}e— 6 —of— 7 —}e— 8 —>}— 9 


“@” WRO FLG, 
“9” MSG FLG 


OTA AVL 


“RDE2 


If RDE is not used to reset IVWF and RDE, then they are 
reset by RCV CLK 14 as shown below. 


+-—- 13 —>}+— 14 —->}-+— 15 —>} +16 > 
RCV CLK 


OTA AVL 
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MESSAGE COMPLETE FIGURE 9 


BUS CONTROLLER MODE 


a pee 


MSG CMPLT 
TX MODE 


SEND DATA 


— + 


he tme eer 


“WORD COUNTER IS PRESET TO 33 


*“*MSG CMPLT SET twxk MAX AFTER RISE OF 33RD SEND 
DATA PULSE 


REMOTE TERMINAL, RECEIVE COMMAND RECEIVED 
$-—————_____—__—_- 
ew | 


CMD SYNC | : 
I 5 

RCV CLK 16 | | | 
! 


| 
t 

DTA SYNC | | 
| 


peo tue 


ma 
MSG CMPLT | | 


“WORD COUNTER PRESET TO COUNT IN COMMAND WORD 


**MSG CMPLT GENERATED BY LAST DATA SYNC OF 
THE MESSAGE GROUP 


REMOTE TERMINAL, TRANSMIT COMMAND RECEIVED 
’ 
BC | 
CMD SYNC | 
}~———_——_ 


RCV CLK | | 


| 
| 
SEND DATA 
| 


| 
MSG CMPLT | 


“WORD COUNTER PRESET TO TRANSMIT COMMAND WORD FIELD 
PLUS 1. THIS ALLOWS FOR THE STATUS WORD. 


**MSG CMPLT GENERATED BY THE LAST SEND DATA OF 
THE TRANSMIT MESSAGE GROUP. 
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“TYPICAL SYSTEM OPERATION 


FIRST FIVE BITS 
WITH AD1- 
ADS 


SET 
TRANSMIT 
INTERRUPT 


EXAMINE 
6th BIT 


PRESET TDE 
TO TOEI 
STATE 


EXAMINE 
BITS 7-11 


EXAMINE 
BITS 12-16 


PRESET 
WORD 
COUNTER 


FROM MPU 


1. JAM ADDRESS 
2. JAM ME =0 


*SEE FIGURE 7 FOR ALLOWABLE TIMES TO SEND TA 


SET 
BROADCAST 


SET 
RECEIVE 
INTERRUPT 


PRESET ROE 
TO ROE 
STATE 


EXAMINE 
BITS 7-11 


EXAMINE 
BITS 12-16 


PRESET 
WORD 
COUNTER 


FROM MPU. 


END OF 
COMMAND 
SYNC 
is 
YES 
FROM DECODER 


RECEIVE 
OATA 
WORD 


FROM MPU 





TO ENCODER 


FROM ENCODER 


TO ENCODER 


SEND 
STATUS WORD 
FROM 
BUFFER 


PRESET TOE 
LATCH TO 
TDE1 STATE 


SET 
DATA 
REQUEST 


FROM MPU 


SEND 

1. PRESENT DATA WORD 
UPPER BYTE FROM 
2. PULSE TOE BUFFER 


Set TDE 
LATCH TO 
TDE2 STATE 


FROM MPU 


1. PRESENT TRANSFER 
LOWER BYTE BUFFER 
2. PULSE CONTENTS INTO 
TDE XMIT SHIFT 
REGISTER 


WORD 
COUNT 


REACHED 
? 


YES 
TO ENCODER 
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PRESENT 
UPPER BYTE 
ON D@-D7 


FROM MPU 


PRESENT 
LOWER BYTE 
ON 08-07 


RESET 
DATA 
AVAILABLE 


WORD 
COUNT 
REACHED 
7 


JAM 
ADDRESS 


TO ENCODER 


FROM ENCODER 


TO ENCODER 


TO ENCODER 


SECTION I 





OPEN DRAIN OUTPUT 
FIGURE 10 


INTERNAL LOGIC 


DG-D7 INPUT/ OUTPUT 
FIGURE 11 
Vec 


INTERNAL LOGIC 


mE aise 


OTHER OUTPUTS 
FIGURE 12 


Vec 
INTERNAL LOGIC 7 


STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
CORPORATION 





tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
MS Marcus Be Hagpage wvny assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
15161273 3100 wx 510 227 8898 ©= Ge vices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
pee 


, COM1553B 
LPC FAMILY 
PRELIMINARY 


MIL-STD-1553B “SMART®” 


FEATURES 


LC Support of MIL-STD-1553B 
(J Operates as both Remote Terminal and 
Bus Controller 
— Manchester II Serial Biphase Input/Output 
LC) 16 bit Microprocessor compatible 
-] Command/Data Sync Detection/Identification 
C] Automatic Command Response Generation 
C On-Chip Address Recognition 
(1 Error Detection For: 
Sync Errors 
Parity Errors 
Word Count Errors 
Bit Count Errors 
Invalid Manchester Code 
Incorrect Address 
Incorrect Bus Response Time 
CJ TTL Compatible 
(] Recognizes Mode Codes and Broadcast 
Commands 
L] Provides DMA handshaking signals 
[J COPLAMOS¢® n-Channel MOS Technology 


PIN CONFIGURATION 


D9 
D10 

O11 
Di2 
013 
D14 
D15 
TXMODE 
POR 
12MHz CLK 
MANIN 
MANIN 


OnNOnhk wn — 


PACKAGE: 40-pin D.I.P. 





GENERAL DESCRIPTION 


The COM1553B SMART® (Synchronous Mode Avionic 
Receiver-Transmitter) is a 40-pin COPLAMOS® n-Channel 
MOS/VLSI circuit designed to simplify the interface of 
a microprocessor or buffer to the serial MIL-STD-1553B 
data bus. 

The COM1553B is a double buffered serial to parallel, 
parallel to serial converter. It receives serial Manchester II 
biphase encoded data from a 1553B bus receiver and con- 
verts it to 16 bit parallel data. When receiving Manchester 
it data, the COM1553B detects and identifies sync polarity, 
reconstructs the clock, detects zero crossing, checks for the 
proper number of bits and performs a parity check on the 
incoming data. In addition to parity check, the COM1553B 
also checks for sync errors, invalid Manchester code, 
improper word count, incorrect address and incorrect bus 
response time. The transmitter in turn, accepts 16 bits par- 
allel data and serially transmits it as Manchester II data, 
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appending the appropriate sync and parity. 

The COM1553B recognizes protocol commands, and 
automatically generates the proper response, thereby off- 
loading what otherwise would be microprocessor tasks. This 
feature eliminates critical software timing requirements. 

The COM1553B is designed towork both as a Bus Con- 
troller and Remote Terminal, making it universal within the 
MIL-STD-1553B environment. The COM1553B automat- 
ically loads and recognizes its own address. It determines 
the type of transfer required in both the Bus Controller and 
Remote-Terminal modes and generates the proper control 
signals to complete the transfer. It automatically transmits 
the status word and detects message errors and mode 
commands. Furthermore, it generates the control signals 
for DMA operation, therefore eliminating processor 
intervention. 





vy 


| 
+5 voc —> Voc 


+12 voo—e] Vea 
-5 VOC ee Vow 


MANIN 
MANOUT 


MANOUT 


TRANSMIT NRZ 


6 BIT 
COUNTER 
RESPONSE 
TIMER 


MANCHESTER 


& 

HIGH SPEED 
ERROR 
‘CHECKING 
LOGIC 


5 BIT 

WORD COUNTER 
& MODE 
DECODE 

LOGIC 


RECEIVE NRZ 


TRANSMIT 
SHIFT 


REGISTER 
16 BIT 


BIDIR 
BUFFER 


16 BIT 
TRANSMIT 
BUFFER 


ADDRESS 
REGISTER 


9 BIT STATUS 
REGISTER 


11 BIT 
STATUS WORD 
REGISTER 


7 BIT 
ERROR 
REGISTER 


LAST. 
COMMAND 
REGISTER 


REGISTER 


COMMAND 
WORD 
REGISTER 


16 BIT 
RECEIVE 
BUFFER 


RECEIVE 
SHIFT 
REGISTER 


FUNCTIONAL BLOCK DIAGRAM 


16 BIT 
DATA BUS 


RW 
WE 

CSTRA 
INVALID MSG 


c/D 





DESCRIPTION OF PIN FUNCTIONS 


PIN NO. | NAME SYMBOL | FUNCTION 
1-7, 14-21, | 16-bit DataBus | DO-D15 Three-state bidirectional data lines used to transfer Command, Data, Error and 
40 Status Words between the COM1553B and external memory. 
Transmit Mode | TXMODE | This output signal when high indicates that the COM1553B is transmitting infor- 
mation on the 1553B bus. 
Power On Input signal used to initialize or reset the Error registers. The RT address must be 
Reset reloaded after POR is issued. 
12 MHz Clock 121 MHz | 12 MHzclock input. 
LK 
ia: Complementary} MANIN This input is low when there is no data on the bus. A high level indicates that the 
Manchester In data is in its negative state (Refer to receive waveform, figure 3). 
Manchester In MANIN This input is low when there is no data on the bus. A high !evel indicates that 
the data is in its positive state (Refer to receive waveform, figure 3). 


Mode Code 
Flag 


Power Supply 


Write Enable 


Valid Command 


Read/Write 


Invalid 
Message 


Message MC 

Complete 

Data Transfer DTACK 

Acknowledge 

Command CSTR 
Strobe 














Output signal that is active high when a mode command (all I's or all O’s in subad- 
dress) has been detected. 


C +5 volts DC supply. 


Output signal. When low, WE indicates that the data on the 16 bit data bus is sta- 
ble and can be written into the external memory. 


Output signal that is pulsed high to signify the reception of a valid command. 
Output signal that indicates whether a DMA transaction is a COM1553B read 
(when high) or a write (when low) operation. 


Output signal which is pulsed low at the same time as MC to indicate that a mes- 
sage error has occurred. 

IM is also pulsed low while MC remains high if there are errors in the Command 
word with matching address. 


Output signal used as either an interrupt or flag to the processor whenever a 
COM1553B transaction has been completed. 
This input signal when low indicates that the Data Transfer Request 
(DTR) and BGACK has been acknowledged and data is on the data bus. 


This input signal when low is used to inform the COM1553B that a Command 
Control Code is available in external memory. When the COM1553B is ready, it 
issues a Command Strobe Acknowledge and initiates a memory read cycle to 

load the Command Control Code bits CB2-CBO. 


30 Power Supply VBB —5 volts DC supply voltage. 


31 Power Supply VDD +12 volts DC supply. 


32 Bus Grant BGACK This input signal, when low, indicates that the processor has acknowledged DTR 
Acknowledge and relinquished the data bus. 


33 Remote RT/BC When this input is high the COM1553B operates as a Remote Terminal. 
Terminal/Bus When RT/BC is low, the COM1553B operates as a Bus Controller. 


Controller 
memory read operations this output is low. It goes high to indicate that data has 


34 Command/Data c/D 
been latched internally and the read operation is completed. 


Data Transfer Output signal that initiates a DMA transfer with the processor. 
Request 
36 Command CSTRA This output pulse acknowledges the receipt of the command strobe and initiates 
Strobe the Command Control Code (CB2-CB0) transfer. 
Acknowledge ; 
37 Complementary | MANOUT | This output signal is high when the COM1553B is not transmitting. 
Manchester A low level indicates that output data is in a positive state (refer to driver 
Output waveform, figure 4). 
38 Manchester MANOUT | This output signal is high when the COM1553B is nottransmitting. _ 
A low level indicates that output data is in a negative state (refer to driver 
waveform, figure 4). 


Ground 


MCF 
VC 
WE 
VC 
R/W 


12 
13 
22 
23 
24 
25 
26 





















27 
28 
29 



















This output signal during memory write operations indicates either a Command 
or Data Word transfer. A low level indicates that the COM1553B is writing a Data 
Word, Status Word, the contents of the Error Register, or the contents of the Last 
Command Register into external memory. 

A high level indicates that the transferred word is a Command Word. During 
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FUNCTIONAL DESCRIPTION 


The COM1553B is organized into the following five 
sections: 


Manchester Encoder/Decoder 

This section performs the manchester encoder and 
decoder functions and code error check. The receiver con- 
tinuously monitors the MANIN and the MANIN input lines 
for a valid sync. After the reception of the 3 bit sync, the 
receiver is in full synchronization. It then checks for transi- 
tion errors and correct (odd) parity. If an error is detected in 
the Command Word the receiver resets itself, pulses IM and 
waits for another valid sync. If any errors are detected in 
Data and Status Words, the appropriate error bits in the 
Status and Error register are set. 

The transmitter section encodes the NRZ data from the 
data bus into Manchester II and appends, depending on 
word type, the proper sync and parity. 


State Sequencer Logic 

The State Sequencer section generates the appropriate 
signals to various internal sections to control the overall 
device operation. 

Inputs to the State Sequencer which establish its oper- 
ational modes are as follows: 


Remote Terminal/Bus Controller (RT/BC) 

Determines whether the data terminal is operating as 
a Remote Terminal or as a Bus Controller. As a result of 
Dynamic Bus Allocation, any terminal shall be capable of 
performing either function at different times. 


Command Control Code bits D2-D0 (CB2-CB0) 

These Command Control Code bits determine the type 
of memory operation the COM1553B will execute. Transfer 
of these commands to the COM1553B are initiated by 
asserting Strobe Command (CSTR) low. This informs the 
COM1553B that a command is available in external memory. 
When the COM1553B acknowledges the CSTR signal, it 
sets the CSTRA output low. The CSTR must be reset within 
1.5 ps. The COM15538B then initiates a memory read cycle 
by setting R/W high, C/D low, and DATA TRANSFER 
REQUEST (DTR) low. When the Command Control Code 
bits are valid on the bidirectional data bus (D2-D0), DTACK 

















and BGACK are generated by the processor and these bits 
are loaded into the COM1553B 3-bit latch decode register. 
The command is then decoded in accordance with Table A. 
Timing associated with loading these control bits into the 
COM1553B is shown in Figure 1. 


Transmit Last Command 

Allows the State Sequencer to bypass a memory read 
cycle to external memory and transmit the Last Command 
from the TRLC register following the Status Word trans- 
mission. 


Broadcast 

When the address field of the Command Word is all ones 
(11111), the State Sequencer is informed that a Bus Con- 
troller or a Remote Terminal is transmitting a Broadcast 
Command. 


Word Count Zero 

Input from the 5-bit counter and count decode logic 
informing the State Sequencer that all Data Word memory 
cycles are complete. 


Sync.Input 
Indicates the type of sync word just strobed into the 
receive register. 


Address Compare 

When programmed as a Remote Terminal, the 
COM1553B compares the contents of the address register 
with the address field of the received Command Word. If 
the addresses compare, the State Sequencer will respond 
to the received command. 


Any Error 

This input to the State Sequencer indicates that one of 
the seven possible errors have been setin the error register 
at the end of a message (Refer to Error register). 


Contiguous Word 

Set if there is a transition 2 ws. after the parity transition 
of the last word, this signifies that a contiguous word fol- 
lows the word presently in the receive register (Refer to 
figure 5). 


READ/WRITE (R/W)S 


WRITE ENABLE (WE)—S 


DEA IBRNSEE RESP ES ern LOW UNTIL BGACK RECOGNIZED 
——___ SOME DELAY OF MS INDICATES DATA VALID. [7S 
— HOLD CSTR UNTIL CSTRA 5 


DTACK 
COMMAND STROBE (CSTR) 
MEMORY STROBE (MS) 


COMMAND STROBE 
ACKNOWLEDGE (CSTRA) 


HOLD DATA UNTIL LATCHED 


a a ae 


BUS GRANT ACKNOWLEDGE (BGACK) —$<$_—=———7 HOLD BUS UNTIL DMA COMPLETE ———— — 
DATA ————_____¢""""" CONTROL Bits CBZ, CBT, CBO > 


COMMANDIDATA (C/2) | LOW UNTIL BITS LATCHED INTERNALLY j 


FIGURE 1: 
BUS CONTROLLER TIMING SEQUENCE 
Loading the Command Control Code Bits into the COM1553B prior to 
transmitting a Command or initiating a Diagnostic Sequence. 





Error Detection Logic 

The error detection logic of the COM1553B detects the 
following errors: 
Improper Sync 

One or more words have been received with incorrect 
sync polarity (For example a Status Word with Data Sync). 


Invalid Manchester Il Code 
One or more words have been received with a missing 
transition during the 17 ys. data and parity bit time. 


Information Field Greater Than 16 Bits 
The decoder has detected a transition within one bit time 
(1 ys.) following the parity bit in one or more words. 


Odd Parity Error 
One or more words have been received with a parity error. 


Improper Word Count 

An improper word count error occurs when the number 
of Data Words received is not equal to the number of words 
indicated in the word count field of the Command Word. In 
the case of a Mode Code without data, no Data Words 
should follow the Mode command. Mode Codes with data 
should consist of only one Data Word. If the contents of the 
word counter are not zero, and there is no contiguous Data 
Word, then the receive message is considered incomplete 
(e.g., fewer words were received than indicated by the word 
count in the Command word). If the contents of the word 
counter are zero and there is a transition detected 2 1s. after 
the parity transition of the last Data Word, then this also will 
cause an improper word count. In either case, the Message 
Error bit of the Status Word is set and not transmitted and 
the invalid message (IM) output pin pulsed at the same time 
as the message complete (MC) signal output. 
Response Time 


The amount of time between the end of transmission of 
a Command or Data Word and the Status Word reply by a 


Remote Terminal should be less than 14 us. Ifthe response 
is greater than 14 ws. the response error bit is set in the 
error register. 


Address Mismatch 

An address mismatch occurs when a Bus Controller 
detects a mismatch between the address of the Status Word 
reply from a Remote Terminal and the Remote Terminal 
address of the Command. 


Internal Register Description 


Remote Terminal Address And Status Code Register 

This register is loaded when the processor issues a load 
Remote Terminal Address (RTA) command. The word that 
is loaded in this register consists of 9 bits of status infor- 
mation (DO-D8) and the 5-bit address (D11-D15). The 
Remote Terminal Address may be checked any time by 
reading out the Error register. The RTA and Status Code 
register must be loaded before the COM1553B may respond 
as a Remote Terminal. 

Table 1 defines the data bus bits which correspond to the 
Remote Terminal Address and Status Code register and 
Status Word that transmitted. Bits DO, D2, D3 and D8 are 
double buffered to allow the RT to retain this information 
after the Status Code register is updated. For all legal com- 
mands, other than Transmit Last Status and Transmit Last 
Command Mode command, the Status Word register is 
updated with these four bits, Any Error and the Broadcast 
flag. The Dynamic Bus Control and Terminal Flag bits are 
modified by the appropriate Mode Code commands 
whereas, the Broadcast Flag and Any Error bits are set by 
the COM1553B internal logic. The Reserved Bits and the 
RT address bits are transferred directly into the Status Word 
register during the RTA and Status Code command. 

Bits DO, D2, D3, and D5-D9 are cleared after transmis- 
sion for all commands except Transmit Last Status and 
Transmit Last Command Mode Code. 


TABLE A: 
COMMAND CONTROL CODE BIT DEFINITION 


a BITS 


CONTROL 
- BITS 
CB2-CBO 


[RTIBC | Dis] Dis [Dra[ Dio |Ds1 [Dio] Ds [De [Dr] Ds |D5]D.[0,[D2[D,|Do[ FUNCTION 


READ DATA 
EICCRBEHgRoR000000 REGIE 


LOAD RT ADDRESS 

REGISTER AND 
X|X|X|X]X}X|X|X|X| xX] xX| xX [Xx X | STATUS CODE 

REGISTER 


ee mana | 


ae 
REMOTE 
X | X}]X|X]X| xX X|X|X}|X}|X]X ADDRESS 
REGISTERS 
X |X| X ES X 








bee 


BUS CONTROLLER 
eee 


BUS CONTROLLER 
RRHEGEBSCeeocaooe aT TORT TAANSEER 


X—DON'T CARE 








TABLE 1 


RTA and Status Internal Logic Status Word 
Data Bus Bit . Code Reg. Bits So Transmitted 


D15 (MSB) 
D14 
D13 
Di2 
Di1 
D10 
D9 
D8 
D7 
D6 
D5 
D4 
D3 
D2 
D1 


RTA Bit 4 (MSB) 
RTA Bit 3 

RTA Bit 2 

RTA Bit 1 

RTA Bit 0 (LSB) 
Not used 
Instrumentation Bit 
Service Request Bit 
Reserved 
Reserved 
Reserved 

Not Used 

Busy 

Subsystem Flag Bit 


Dynamic Bus Control 
Acceptance Enable Bit 
(See Note) 


Terminal Flag Enable 
Bit (See Note) 


DO (LSB) 


Broadcast Flag 


Dynamic Bus Mode Code 
command 


Inhibit Terminal Flag (set) 


RTA Bit 4 (MSB) 
RTA Bit 3 

RTA Bit 2 

RTA Bit 1 

RTA Bit 0 (LSB) 
Message Error 
Instrumentation 
Service Request 
Reserved 
Reserved 
Reserved 
Broadcast Flag 
Busy 
Subsystem Flag 
Dynamic Bus Control Bit 


Terminal Flag 


or 

Override Terminal 
Flag (reset) 

Mode Code command 





Note: When the Dynamic Bus Control Acceptance Enable bit is set, the RT will accept a Dynamic Bus Mode code 
request. If this bit is reset the RT will reject a Dynamic Bus Mode Code command request. The Terminal Flag 
Bit (if enabled) is only set high if no Inhibit Terminal Mode Code command has been received, or if an Override — 


Inhibit Terminal bit command is received. 


Last Command Word Register 

The last valid Command Word received by a Remote 
Terminal is stored in an internal 16 bit Last Command Reg- 
ister. This makes it readily available for transmission onto 
the data bus whenever the Remote Terminal receives a 
Mode Command to transmit the last Command Word. The 
Last Command Register contents are automatically writ- 
ten into external memory following a receive or a transmit 
message. 

As a bus controller (BC), the Last Command Register is 
used to hold the command transmitted before the present 
command. In RT-RT transfers this register of the BC holds 
the receive command while the transmit command is being 
transmitted. 

The processor has the option of reading the Last Com- 
mand Register of either a bus controller or remote terminal, 
by issuing a Read Last Command Register command code. 


Error Register And RTA Register 
(Error Register) 

A7-biterror register is provided in the COM1553B to hold 
any errors associated with the previous message. If one 
or more of the 7 error types exists, the COM1553B asserts 
the Invalid Message output pin (IM) at the same time that 
Message Complete (MC) is asserted, cueing either a Re- 
mote Terminal or a Bus Controller that an error occurred in 
the previous message. If desired, the processor may read 
out the 16-bit error word by issuing a read error register 
command code. When operating as a Remote Terminal, the 
COM1553B will write the Receive register, Error register and 
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Last Command register automatically into external memory 
at the end of each command message because these reg- 
isters may change before the processor has determined 
the necessity of reading them. The Error register may be 
read anytime during a message except during message 
transfers. 


TABLE 2 


The 16-bit error word is defined as follows: 


DATA BUS ERROR BIT 
LINE DEFINITION 


D1i5 RT Address Bit 4 

D14 RT Address Bit 3 

D13 RT Address Bit 2 

D12 RT Address Bit 1 

D11 RT Address Bit 0 

D1i0 Unused 

D9 Improper Sync 

D8 Address Mismatch Error 
D7 Improper Word Count 
D6 Response Time Error 
D5 Information Field > 16 Bits 
D4 Unused 

D3 Invalid Manchester II 

D2 Parity Error 

D1 Unused 

DO Unused 


“Unused bits are set high. 





Mode Detection Logic 

Both receive and transmit Command Words for a Remote 
Terminal and Bus Controller are decoded by the Mode 
Detection Logic. The Mode Detection Logic examines the 
following Command Word field to establish the correct 
operating mode for the COM1553B (Refer to TABLE B). 


Subaddress/Mode Code Field (D5-D9) 
and Data Word Count/Mode Code (D0-D4) 

This field Determines if the command is a normal com- 
mand or a Mode command. A subaddress field of 00000 or 
11111 implies a Mode command. All other codes are inter- 
preted as a subaddress. Once a Mode Command is 
detected the most significant bit of the Data Word Count/ 
Mode Code field is decoded. A most significant bit of “zero” 
implies no associated data with the Code Command. A 
“one” in this position implies that a Data Word will follow. 

The COM1553B recognizes five Mode Code commands 
(Refer to TABLE B). Transmit Last Command or Transmit 
Last Status word Mode Code commands, when received 
by the COM1553B, will automatically transfer the contents 
of the Transmit Last Command or Transmit Last Status reg- 
ister onto the 1553B serial bus. 


The Override/Inhibit Terminal Flag and Dynamic Bus 
Control Mode Code commands, when received by the 
COM1553B, may change the state of the Terminal Flag and 
Dynamic Bus Control bits of the Status Word register. The 
Inhibit Terminal Flag Bit Mode Code command resets the 
Terminal Flag bit. 

The Override Inhibit Terminal Flag Mode Code com- 
mand enables the Terminal Flag bit if it was previously dis- 
abled. Finally, Dynamic Bus Control Mode Code command 
sets the Dynamic Bus Control bit in the Status Word if the 
Dynamic Bus Control Enable bit is high. If the enable bit is 
low, the Dynamic Bus Control bit in the Status Word remains 
low when a Dynamic Bus Control Mode Code command is 
received. 


Broadcast Mode Code 

Broadcast Mode Code Commands are acknowledged if 
the T/R bit is low. If the T/R bit is high all Broadcast Mode 
Code commands without associated Data words are 
acknowledged except Dynamic Bus Control and Transmit 
Last Status Word. 

Illegal Broadcast Commands are not acknowledged; the 
IM output pin is, however, pulsed low. 


TABLE B 
MODE CODE DEFINITION 


DETECT DETECTED SPECIAL 
FUNCTION CONDITION BY CONDITIONS COMMENTS 


Broadcast All ones in RT. 
address field of 
CMD WD 


Mode Codes All zeros or 
ones in sub- 
address field 
of CMD WD 


Mode Code 


(1) Dynamic 
Bus 
Control 


(2) Transmit 
Last 


(3) Inhibit 
Terminal 
Flag Bit 

(4) Override 
Inhibit 
Terminal 
Flag Bit 

(5) Transmit 
Last 
Command 


Decode Logic 
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Broadcast Status word is 
Decode Logic written into Memory 
but not transmitted 


MSB of Word Count 
0 = No data Word 
1 = With Data Word 


Word Count 
Field = 00000 


Word Count 
Field = 00010 


Word Count 
Field = 00110 


Word Count 
Field = 00111 


Word Count 
Field = 10010 


Address compare 
must recognize all 
ones as Broadcast 


Word Count 
is Decoded 
as mode code 


Dynamic Bus Accept 
Bit of Status word 
enabled for 
transmission 


Status Word remains 
unchanged 


Terminal Flag Bit of 
Status word inhibited 
until overriden 


Removes Inhibit from 
Terminal Flag Bit of 
Status Word 


Status Word 
Transmitted followed 
by Last Command 
Register. Status Word 
remains unchanged. 
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OPERATION 


When operating as either a Bus Controller or Remote 
Terminal, the COM1553B decodes the Command Word and 
determines the type of message transfer. Having deter- 
mined the type of message transfer, the COM1553B 
generates the proper control and timing signals to com- 
plete the transfer (refer to Figure 2). The types of messages 
are listed below: 

1) Bus Controller to Remote Terminal. 
2) Remote Terminal to Bus Controller 


3) Remote Terminal to Remote Terminal 
4) Mode Code without Data Word 
5) Mode Code with Data Word (transmit) 
6) Mode Code with Data Word (receive) 
7) Broadcast Bus Controller to Remote Terminal 
8) Broadcast Remote Terminal to Remote Terminal 
9) Broadcast Mode Code without data 
10) Broadcast Mode Code with data 


Bus Controller Transaction (RT/BC of the COM1553B set low) 


The following section describes each 1553B information 
transfer format from the Bus Controller viewpoint. A table 
showing external memory operation is also provided for 
each message format. 

Note that all MIL-STD-1553B serial bus activity is initi- 
ated by the Bus Controller. 


Bus Controller-to-Remote Terminal Transfer (BC to RT) 

This message format covers transactions where the Bus 
Controller transmits a receive Command and Data Words 
to a Remote Terminal. Initializing the COM15538B is accom- 
plished by the processor loading an external memory 
address counter with the starting address of the COM1553B 
memory control block (address where the Command Con- 
trol Code CB2-CB0 resides). The Bus Controller processor 
next issues a Command Strobe (CSTR) and holds it 
low until the COM1553B issues a Command Strobe Ack- 
nowledge (CSTRA). The COM1553B then responds with a 
Data Transfer Request (DTR) which initiates a normal 
memory cycle. 

Refer to figure 1 for timing associated with loading the 
Command Contro! Codes (CB2-CBO0) into the COM1553B 





LOW UNTIL 
BG 


prior to transmitting the Command Word. 

_ The first memory cycle. loads the Command Control Code 
bits CB2-CBO from external memory into the COM1553B 
functioning as Bus Controller (BC). The BC decodes this 
command to determine the type of memory transaction to 
perform (refer to TABLE A). The next read cycle loads the 
Command Word into the BC command register and then 
transmits it onto the 1553B bus. This Command Word, while 
in the command register, determines the BC mode of oper- 
ation. The BC then completes this BC to RT transaction by 
issuing a predetermined number of read cycles (deter- 
mined by the value in the word count field of the Command 
Word) and transmitting the data onto the 1553B bus. After 
transmission of the last Data word, the BC initializes its 
response timer, expecting a Status Word from the remote 
terminal within 14 ps. 

After the reception of the Status Word, the BC initiates a 
memory write cycle which writes the Status Word into the 
external memory. If the BC doesn't receive the Status Word 
within the allowed response time the message error bit 
is set. 
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TABLE 3 
BC to RT (The BC transmits a receive 
command to the RT) 


MEMORY 
CONTENTS 


XXX2y 
RECEIVE 
COMMAND 
DATA 
DATA 
DATA 
DATA 

**k 


STATUS 


*reads command control code bits CB2-CBO 
'* response time 
X = don'tcare 


COM1553B 
MEMORY 
OPERATION 


MEMORY 
ADDRESS 


Remote Terminal Transfer to Bus Controller 

This message format covers transactions where the Bus 
Controller sends a transmit command to a Remote Terminal 
and requests data from it. Initialization of the BC for normal 
memory cycles is the same as the previous transfer. The 
difference between this transfer and the previous transfer 
is that after the Command Word is transmitted, the BC waits 
14 ws for the Status Word and the requested number of Data 
Words. The Status and Data Words are written into external 
memory via write cycles as they are received by the BC. 


TABLE 4 
BC to RT (The BC transmits a Transmit 
Command to an RT) 


COM1553B 
MEMORY MEMORY 
ADDRESS CONTENTS 


MEMORY 
OPERATION 
XXX2y 
TRANSMIT 


COMMAND 


** 
STATUS 
DATA 
DATA 
DATA 
DATA 


4g Feds command control code bits CB2-CBO 
response time 
X = don'tcare 


RT-to-RT Transfer 

In this message format, the Bus Controller first issues a 
receive Command Word to the receiving Remote Terminal, 
followed by a transmit Command Word to the transmitting 
terminal. Next, the transmitting RT responds with a Status 
Word and the requested number of Data Words to both the 
receiving RT and BC. The receiving RT at the end of the 
message sends a Status Word to the BC. As Status and 
Data Words are received by the BC they are written into 
external memory. 
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TABLE 5 
RT to RT 


MEMORY MEMORY . 
ADDRESS CONTENTS 


XXX3y 
RECEIVE 
COMMAND 
TRANSMIT 
COMMAND 


COM1553B 
MEMORY 
OPERATION 


STATUS 


(transmitting 
RT) 

DATA 

DATA 

DATA 
WRITE 


kk 


STATUS 
(receiving RT) 





*reads command control code bits CB2-CBO 
response time 
X = don't care 


Mode Code Command without Data 

The Bus Controller transmits a specific Mode Command 
and expects a Status Word back from the addressed 
Remote Terminal. 


TABLE 6 


MEMORY MEMORY 
ADDRESS CONTENTS 


XXX2,, 
COMMAND 
kx 


STATUS 


“reads command control code bits CB2-CBO 
** response time 
X = don’tcare 
Mode Command with Data 
(BC receives a single word) 

In this mode the Bus Controller issues a transmit Mode 
Command to an RT. The addressed Terminal responds to 
the Bus Controller with a Status Word and a single Data 
Word. 


COM1553B 
MEMORY 
OPERATION 





TABLE 7 


MEMORY MEMORY 
ADDRESS CONTENTS 


XXX2y, 


COM1553B 
MEMORY 
OPERATION 


COMMAND 
kk 

STATUS 

DATA 





“reads command control code bits CB2-CBO 
response time 
X = don’tcare 


Mode Command with Data RT to RT Transfer (Broadcast) 

(BC transmits a single word) This transfer is similar to the normal RT to RT transfer 
The Bus Controller issues a receive Mode Command and __ with the exception that the Status Word is not returned by 

one Data Word to a Remote Terminal. A Status Word is the receiving RT. 

returned by the Remote Terminal to the Bus Controller. 



















TABLE 8 TABLE 10 
COM1553B COM1553B 
MEMORY MEMORY MEMORY MEMORY MEMORY MEMORY 
apenees CONTENTS OPERATION ADDRESS |. CONTENTS OPERATION 
XXX2,, XXX3,, 
COMMAND RECEIVE 
DATA COMMAND 
wk TRANSMIT 
STATUS COMMAND 
** 
“reads command control code bits CB2-CBO STATUS 
** response time DATA 
X = don't care DATA 
DATA 
Bus Controller (Broadcast) to Remote Terminal Transfer DATA 
In this mode the Bus Controller issues a Broadcast Com- 
mand followed by anumber of Data Words. In all Broadcast *reads command control code bits CB2-CBO 
Command transfers a BC willnot expect to receiveaStatus **response time 
Word back. X = don't care 
TABLE 9 
COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 
1 XXX2, 
2 RECEIVE 


COMMAND 
DATA 
DATA 
DATA 
DATA 





*reads command control code bits CB2-CBO 
** response time 
X = don't care 





Remote Terminal Transaction (RT/BC input of the COM1553B set high) 


The following section addresses each COM1553B The Subaddress field is thereafter decoded by external 
information transfer format from the Remote Terminal logic and the Command word is written into external 
viewpoint. memory. The RT then receives a predetermined number of 
Bus Controller to Remote Terminal Transfer Data Words (specified by the word count field). As each Data 
(BC to RT, where RT receives data) Word is received it is written into external memory. After the 


In this transfer the COM1553B designated as the RT reception of the last Data Word the RT transmits the Status 
receives a command to receive data. As the Command _ Word, the Message Error, Broadcast Flag, Terminal Flag, 
Word is completely shifted into the receive shift register, the Subsystem Flag, Busy, and Service Request bits are 
RT compares the Command Word address field with the Updated for all commands except for the Transmit Status 
preloaded Remote Terminal address. This determines if the Word and Transmit Last Command Code commands. While 
messageis addressed to the receiving RT. If the Command transmitting the Status, the RT writes it into memory. The 
Word is valid, the RT issues a Data Transfer Request (DTR) RT also writes the Last Command Register, Error Register 
toinitiatea memory cycle. Once the processorrelinquishes | 2nd Receive Register into memory and then asserts Mes- 
control of the data bus, during the Bus Acknowledge Sage complete. 


(BGACK) time, the Command Word is placed on the data Note that the receive register of the RT will contain the 
bus. transmitted Status Word. 





52 


TABLE 11 
BC TO RT (RT receives a data from BC) 


; MEMORY MEMORY 
ADDRESS CONTENTS 


COMMAND 
DATA 
DATA 







COM1553B 
MEMORY 
OPERATION 













DATA 
** 


STATUS 
LAST 
COMMAND 
ERROR 
REGISTER 
RECEIVE 
REGISTER 


Remote Terminal-to-Bus Controller Transfer 
(RT transmits data to BC) 

The Remote Terminal receives a Transmit Command 
Word from the Bus Controller. The RT will then proceed to 
decode the Command Word, as in the previous case and 
within the response time transmits the Status Word. 

While the Status Word is being transmitted the RT issues 
awrite memory cycle to write the Status Word into external 
memory. Thereafter, the Data words are read from memory 
and transmitted. After the last word is transmitted the RT 
writes the contents of the Last Command Register, Error 
Register and the Receive Register into memory. 


TABLE 12 
Remote Terminal to Bus Controller 
(RT Transmits Data to BC) 


MEMORY MEMORY 
ADDRESS CONTENTS 


COMMAND 
*k 
STATUS 
DATA 
DATA 
DATA 
DATA 
LAST 
COMMAND 
ERROR 
REGISTER 
RECEIVE 
REGISTER 

















COM1553B 
MEMORY 
OPERATION 






* * response time 


Remote Terminal-to-Remote Terminal Transfers 
From the Remote Terminal viewpoint, RT-to-RT trans- 
fers are similar to the RT to BC receive or transmit data 


transfers. The only exception is that the receiving terminal 
waits for the first Data Word from the transmitting terminal. 
This satisfies the protocol requirement that the transmitting 
terminal first send its status to the controller before it trans- 
mits the data to the receiving terminal. 


Mode Command with Data 
(RT receives a Mode Code Command to transmit) 

In this transfer, after the Transmit Mode Command is 
received, the RT transmits the Status and one Data Word. 














TABLE 13 
COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 
1 COMMAND 
** 





STATUS 
DATA 
LAST 
COMMAND 
ERROR 
REGISTER 
RECEIVE 
REGISTER 


“For a Transmit Last command Mode Code, Data is not 
read from memory but transmitted from the internal Last 
Command register. 

** response time 


Mode Code Command with Data 
(RT receives a Mode Command to receive) 

This transfer is similar to a Receive Command having only 
one Data Word. 


TABLE 14 





















COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 
1 COMMAND 
2 DATA WRITE 
xk 
STATUS WRITE 
LAST WRITE 
COMMAND 
ERROR WRITE 
REGISTER 
RECEIVE WRITE 
REGISTER 








** response time 


Bus Controller Broadcast Transfer to RT 

The RT receives a Broadcast Command to receive data. 
lf data received during a broadcast message is invalid, the 
COM1553B will set the message error bit. 
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TABLE 15 










RT RECEIVE 
COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 


1 COMMAND 
DATA 
DATA 
DATA 
DATA 
STATUS 
LAST 
COMMAND 
ERROR 
REGISTER 


*In all broadcast transfers, a memory cycle is shown for the 
Status Word but the RT does not transmit it on the 1553B 
bus. 











Broadcast Mode Code Command with Data 
This Broadcast Mode Code command is detected if the 
MSB of the word count field is a logical high. 
Transmission of the Status Word is suppressed as in the 
previous case but is loaded into external memory. 


TABLE 16 
RT RECEIVE 


MEMORY MEMORY 
ADDRESS CONTENTS 


COMMAND 
DATA 
STATUS 
LAST 
COMMAND 
ERROR 
REGISTER 


*In all broadcast transfers, a memory cycle is shown for 
the Status Word but the RT does not transmit it on the 
1553B bus. 


COM1553B 
MEMORY 
OPERATION 


2 
3 
4 
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Broadcast Mode Code Command Without Data 

_ This Mode Code command is detected if the MSB of 
the word count field is zero. This transaction is the same as 
the previous transfer except that there is no Data Word 
transfer. 



























TABLE 17 
COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 
1 COMMAND WRITE 
2 STATUS WRITE* 
3 LAST WRITE 
COMMAND 
4 ERROR WRITE 
REGISTER 


*In all broadcast transfers, a memory cycle is shown for 
the Status Word but the RT.does not transmit it on the 
1553B bus. 


Broadcast RT to RT Transfer 

For this message transfer a Broadcast Command 
to receive is issued by the Bus Controller. This is followed 
by a normal Transmit Command to the transmitting Re- 
mote Terminal. The Remote Terminal responds with a nor- 
mal transmit message format of Status Word and Data 
Word(s). The receiving terminals do not transmit a Status 
Word after receiving the data. However, they do go through 
amemory cycle to load the Status Word into their respec- 
tive memories. 

For the Remote Terminal receive transfer refer to Table 
15. The only difference in this transfer is that there is a gap 
time between the Command and Data word. 

For the Remote Terminal transmit transfer refer to Table 
12. The only difference in this transfer is that the Receive 
Register is not written into memory. 


MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range .......... cece cece ec eccn ene ne ete tee teen e ene n tenet bebe eben ne tb beeen eneens —55to + 125°C 
Storage Temperature Range ........... cece cece cece nee ee tne ene eee ene DEE Eee ED een e ee EE eed eta bE bee b EE EES — 55 to + 150°C 
Lead Temperature (Soldering, 10SeCONdS) ...... 2... eee eee e eee enn ee need ence ete beeen eben eneneeea + 325°C 
Positive Vollage On Any BID ix iste celece cand sorna sued seseaueeebeensusdeadseee Dadavareheeepenest rb ROG ae uelod oar anda +15V 
Negative Voltage on any pin except VBB, with respect to Ground ............ ccc cece cece eee e tence ee eee eens eee eeeeenenea —.3V 


*Stresses above those listed may cause permanent damage to the device. This is a’stress rating only and functional operation of the 
device at these or any other condition above those indicated in the operational sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not 
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power 
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility exists, it is 
suggested that a clamp circuit be used. 
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DC ELECTRICAL CHARACTERISTICS T, = — 55 to 125°C, Vog = 5.0V' +5%, Vop = 12V +5%, Veg = —5V +5% 


PARAMETER MIN TYP MAX UNITS : COMMENTS 
Vi Input Low Voltage -0.3 0.8 V 
Vin Input High Voltage 3 Voc V 
Vo. Output Low Voltage 0.4 V ln = —3.2MA 
Vox Output High Voltage 2.4 4 5 V lon = .BmA 
I Input Leakage Current 10 pA 
C,, Input Capacitance 10 25 pf 
C, Output Capacitance 10 15 pf 
C. __ Load Capacitance 100 . 150 pf 
P, Power Dissipation 0.8 W T, = 25°C 


AC ELECTRICAL CHARACTERISTICS . 
PARAMETER MIN TYP MAX UNITS COMMENTS 























clk clock frequency 12 MHz 50% duty cycle 
t, Clk, rise time 6 ns 
t Clk, fall time_ 6 ns 
t, DTRand WE _ 0.5 0.6 1 [LS 
t, BGACK to DTR 0.8 1.3 2 pS 
t Eto DATA _ 100 ns 
t, DTACK to WE_ 1.5 2 LS 
ts DTACK to R/W 1 1.5 LS 
t, DTACK to C/D 1.5 2.5 LS 
t, CSTR to CSTRA 673 us 
ts CSTRA to CSTR 1.5 ws 
ty CSTRA width 500 ns 
tr. C/Dto DATA 0 ns 
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FIGURE 5: 
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WRITE CYCLE READ CYCLE 


TRANSCEIVER/ DMA M68000 
TRANSFORMER CONTROLLER ADDRESS MICRO- 


PROCESSOR 
SYSTEM 


DM 
MEMORY 


TYPICAL SYSTEM IMPLEMENTATION 









STANDARD MICROSYSTEMS 
—— 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS COWNMIG71 
—— [LPC FAMILY 








Asynchronous/Synchronous Transmitter-Receiver 
ASTRO 


- FEATURES PIN CONFIGURATION 
O SYNCHRONOUS AND 
ASYNCHRONOUS 
Full Duplex Operations 
O SYNCHRONOUS MODE 
Selectable 5-8 Bit Characters 
Two Successive SYN Characters Sets 
Synchronization 
Programmable SYN and DLE Character 
Stripping 
Programmable SYN and DLE-SYN Fill 
O ASYNCHRONOUS MODE 
Selectable 5-8 Bit Characters 
Line Break Detection and Generation 
1-, 1%-, or 2-Stop Bit Selection 
Start Bit Verification 
Automatic Serial Echo Mode’ 
1 BAUD RATE—DC TO 1M BAUD 
O 8 SELECTABLE CLOCK RATES 
Accepts 1X Clock and Up To 4 Different 
32X Baud Rate Clock Inputs O COPLAMOS® n-Channel Silicon 


35 P DB (1XTC) 
DD (1XRC) 


1 
2 
3 
4 
5 
6 
7 
8 





Up to 47% Distortion Allowance With 32X Gate Technology 
Clock | | CO Pin for Pin replacement for 
O SYSTEM COMPATIBILITY Western Digital UC1671 and 
Double Buffering of Data National INS 1671 
8-Bit Bi-Directional Bus For Data, Status, [| Baud Rate Clocks Generated by 
and Control Words COMS5036 @ 1X and 
All Inputs and Outputs TTL Compatible COM5016-6 @ 32X 
Up 10 a ASTROS Can Be Addressed 
n Bus 
On-Line Diagnostic Capability APPLICATIONS 
O ERROR DETECTION Synchronous Communications 
Parity, Overrun and Framing Asynchronous Communications 


Serial/Parallel Communications 


General Description 


_ The COM1671 (ASTRO) is a MOS/LSI device which performs the functions of interfacing a serial data communication 
channel to a parallel digital system. The device is capable of full duplex communications (receiving and transmitting) with 
synchronous or asynchronous systems. The ASTRO is designed to operate on a multiplexed bus with other bus-oriented 
devices. Its operation is programmed by a processor or controller via the bus and all parallel data transfers with these 
machines are accomplished over the bus lines. 


The ASTRO contains several “handshaking” signals to insure easy interfacing with modems or other peripheral devices 
such as display terminals. In addition, a programmable diagnostic mode allows the selection of an internal looping feature 
which allows the device to be internally connected for processor testing. 


The COM1671 provides the system communication designer with a software responsive device capable of handling 
complex communication formats in a variety of system applications. 
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Organization 


Data Access Lines — The DAL bus is an 8-bit bi-directional port over which all address, data, control, and status 
transfers occur. In addition to transferring data and control words the DAL bus also transfers information 
related to addressing of the device, reading and writing requests, and interrupting information. 


Receiver Buffer — This 8-bit parallel register presents assembled received characters to the DAL bus when 
requested through a Read operation. 


Receiver Register — This 8-bit shift register inputs the received data at a clock rate determined by Control 
Register 2. The incoming data is assembled to the selected character length and then transferred to the 
Receiver Buffer with logic zeroes filling out any unused high-order bit positions. 


Syn Register — This 8-bit register is loaded from the DAL bus by a Write operation and holds the synchronization 
code used for receiver character synchronization. It serves as a fill character when no new data is available 

in the Transmitter Buffer during transmission. This register cannot be read onto the DAL bus. It must be loaded 
with logic zeroes in all unused high-order bits. 


Comparator — The 8-bit comparator is used in the Synchronous mode to compare the assembled contents of 

the Receiver Register and the SYN register or the DLE register. A match between the registers sets up 

stripping of the received character, when programmed, by preventing the data from being loaded into the 
Receiver Buffer. A bit in the Status Register is set when stripping is effected. The comparator output also enables 
character synchronization of the Receiver on two successive matches with the SYN register. 


DLE Register — This 8-bit register is loaded from the DAL bus by a Write operation and holds the DLE character 
used in the Transparent mode of operation in which an idle transmit period is filled with the combination 
DLE-SYN pair of characters rather than a single SYN character. In addition the ASTRO may be programmed to 
force a single DLE character prior to any data character transmission while in the transmitter transparent mode. 


Status Register — This 8-bit register holds information on communication errors, interface data register status, 
match character conditions, and communication equipment status. This register may be read onto the DAL bus 
by a Read operation. 


Control Registers — There are two 8-bit Control Registers which hold device programming signals such as mode 
selection, clock selection, interface signal control, and data format. Each of the Control! Registers can be 

loaded from the DAL bus by a Write operation or read onto the DAL bus by a Read operation. The registers are 
cleared by a Master Reset. 


Transmitter Buffer — This 8-bit parallel register holds data transferred from the DAL bus by a Write operation. 
This data is transferred to the Transmitter Register when the transmitter section is enabled and the Transmitter 
Register is ready to send new data. 


Transmitter Register — This 8-bit shift register is loaded from the Transmitter Buffer, SYN register, or DLE 
register. The purpose of this register is to serialize data and present it to the serial data output. 
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Astro Operation 


Asynchronous Mode 


Framing of asynchronous characters is provided by a Start bit (logic 0) at the beginning of a character 
and a Stop bit(s) (logic 1) at the end of a character. Reception of a character is initiated on recognition 
of the first Start bit by a positive transition of the receiver clock, after a preceding Stop bit(s). The Start 
and Stop bits are stripped off while assembling the serial input into a parallel character. 


The character assembly is completed by the reception of the Stop bit(s) after reception of the last 
character bit (including the parity bit, if selected). If the Stop bit(s) is alogic 1, the character is 
determined to have correct framing and the ASTRO is prepared to receive the next character. If the Stop 
bit(s) is a logic 0, the Framing Error Status flag is set and the Receiver assumes this bit to be the Start 
bit of the next character. Character assembly continues from this point if the input is still a logic O when 
sampled at the theoretical center of the assumed Start bit. As long as the Receiver input is spacing, all 
zero characters are assembled and error flags and data received interrupts are generated so that line 
breaks can be determined. After a character of all zeroes is assembled along with a zero in the Stop 
bit(s) location, the first sampled logic one is determined as a Stop bit and this resets the Receiver 
circuit to a Ready state for assembly of the next character. 


In the Asynchronous mode the character transmission occurs when information contained in the 
Transmitter Buffer is transferred to the Transmitter Register. Transmission is initiated by the insertion 
of a Start bit, followed by the serial output of the character (including the parity bit, if selected), then the 
insertion of a 1, 1.5, or 2 bit length Stop condition. If the Transmitter Buffer is full, the next character 
transmission starts after the transmission of the Stop bit(s) of the present character in the Transmitter 
Register. Otherwise, the Mark (logic 1) condition is continually transmitted until the Transmitter 
Buffer is loaded. 


Synchronous Mode 


Framing of characters is carried out by a special Synchronization Character Code (SYN) transmitted 

at the beginning of a block of characters. The Receiver, when enabled, searches for two contiguous 
characters matching the bit pattern contained in the SYN register. During the time the Receiver is 
searching, data is not transferred to the Receiver Buffer, status bits are not updated, and the Receiver 
interruptis not activated. After the detection of the first SYN character, the Receiver assembles 
subsequent bits into characters whose length is determined by the contents of Control Register 2. If, 
after the first SYN character detection, asecond SYN character is present, the Receiver enters the 
Synchronization mode until the Receiver Enable Bit is turned off. If asecond successive SYN character 
is not found, the Receiver reverts back to the Search mode. 


In the Synchronous mode a continuous stream of characters are transmitted once the Transmitter 
is enabled. If the Transmitter Buffer is not loaded at the time the Transmitter Register has completed 
transmission of a character, this idle time will be filled by a transmission of the character contained in 
the SYN register in the Non-transparent mode, or the characters contained in the DLE and SYN registers 
respectively while in the Transparent mode of operation. 


61 





Astro Operation 
Receiver 


The Receiver Data input is clocked into the Receiver Register by a 1X Receiver Clock from a modem 
Data Set, or by a local 32X bit rate clock selected from one of four externally supplied clock-inputs. 
When using the 1X clock, the Receiver Data is sampled on the positive transition of the clock in both 
the Asynchronous and Synchronous modes. When using a 32X clock in the Asynchronous mode, the 
Receiver Sampling Clock is phased to the Mark-To-Space transition of the Received Data Start bit and 
defines, through clock counts, the center of each received Data bit with +0%, —3% atthe positive 
transition 16 clock periods later. 

In the Synchronous mode the Sampling Clock is phased to all Mark-To-Space transitions of the 
Received Data inputs when using a 32X clock. Each transition of the data causes an incremental 
correction of the Sampling Check by 1/32nd of a bit period. The Sampling clock can be immediately 
phased to every Mark-To-Space Data transition by setting Bit 4 of Control Register 1 to a logic one, 
while the Receiver is disabled. 

When the complete character has been shifted into the Receiver Register it is transferred to the 
Receiver Buffer; the unused, higher order bits are filled with logic zero’s. At this time the Receiver 
Status bits (Framing Error/Sync Detect, Parity Error/DLE Detect, Overrun Error, and Data Received) 
are updated in the Status Register and the Data Received interrupt is activated. Parity Error is set, if 
encountered while the Receiver parity check is enabled in the Control Registers. Overrun Erroris 
set if the Data Received status bit is not cleared through a Read operation by an external device when 
anew character is transferred to the Receiver Buffer. This error flag indicates that a character has 
been lost; new data is lost while the old data and its status flags are saved. 

The characters assembled in the Receiver Register that match the content of the SYN or the 
DLE register are not loaded into the Receiver Buffer, and the DR interrupt is not generated, if Bit 3 of 
Control Register 2 (CR23) or Bit 4 of Control Register 1 (CR14) are set respectively, and SYN Detect and 
DLE Detect are set with the next non SYN or non DLE character. When both CR23 and CR14 are set 
(Transparent mode), the DLE-SYN combination is stripped. The SYN comparison occurs only with the 
character received after the DLE character. If two successive DLE characters are received only the 
first DLE character is stripped. No parity check is made while in this mode. 


Transmitter 


Information is transferred to the Transmitter Buffer by a Write operation. Information can be loaded 
into this register at any time, even when the Transmitter is not enabled. Transmission of data occurs 
only when the Request to Send bit is set to a logic 1 in Control Register 1 and the Clear To Send input is 
logic 0. Information is normally transferred from the Transmitter Buffer to the Transmitter Register 
when the latter has completed transmission of a character. However, information in the DLE register 
may be transferred prior to the information contained in the Transmitter Buffer if the Force DLE signal 
condition is enabled (Bits 5 and 6 of Control Register 1 set to a logic 1). The control bit CR15 must be 
set prior to loading of anew character in the Transmitter Buffer to insure forcing the DLE character 
prior to transmission of the data character. The Transmitter Register output passes through a flip-flop 
which delays the output by one clock period. When using the 1X clock generated by the Modem Data 
Set, the output data changes state on the negative clock transition and the delay is one bit period. 
When using a local 32X clock the the transmitter section selects one of the four selected rate inputs and 
divides the clock down to the baud rate. This clock is phased to the Transmitter Buffer Empty Flag 
such that transmission of characters occurs within two clock times of the loading of the Transmitter 
Buffer, when the Transmitter Register is empty. 

When the Transmitter is enabled, a Transmitter interrupt is generated each time the Transmitter 
Buffer is empty. If the Transmitter Buffer is empty, when the Transmitter Register is ready for a new 
character, the Transmitter enters an idle state. During this idle time a logic 1 will be presented to the 
Transmitted Data output in the Asynchronous mode or the contents of the SYN register will be 
presented in the Synchronous Non-transparent mode (CR16=0). In the Synchronous Transmit 
Transparent mode (CR16= 1), the idle state will be filled by DLE-SYN character transmission in that 
order. When entering the Transparent mode DLE must precede the contents of the Transmitter Buffer. 
This is accomplished by setting of Bit 5 of Control Register 1. 

If the transmitter section is disabled by a reset of the Request to Send, any partially transmitted 
character is completed before the transmitter section of the ASTRO is disabled. As soon as the Clear 
To Send goes high the transmitted data output will go high. 

When the Transmitter parity is enabled, the selected Odd or Even parity bit is inserted into the last 
data bit of the character in place of the last bit of the Transmitter Register. This limits transfer of 
character information to a maximum of seven bits plus parity or eight bits without parity. Parity cannot 
be enabled in the Synchronous Transparency mode. 
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Input/Output Operations 


All Data, Contro!, and Status words are transferred over the Data Access Lines (DAL 0-7). Additional input 
lines provide controls for addressing a particular ASTRO, and regulating all input and output operations. Other 
lines provide interrupt capability to indicate to a Controller that an input operation is requested by the ASTRO. 
All input/output terminology below is referenced to the Controller so that a Read or input takes data from the 
ASTRO and places it on the DAL bus, while a Write or Output places data from the DAL bus into the ASTRO. 

A Read or Write operation is initiated by the placement of an eight-bit address on the DAL bus by the 
Controller. When the Chip Select signal goes to a logic 0 state, the ASTRO compares Bits 7-3 of the DAL bus 
with its hard-wired ID code (Pins 17, 22, 24, 25, and 26) and becomes selected ona Match condition. The ASTRO 
then sets its RPLY line low to acknowledge its readiness to transfer data. Bit 0 must be a logic O in Read or 
Write operation. A setup time must exist between CS and the RE or WE signals to allow chip selection prior to 
read/write operations. 





Read 
Bits 2-0 of the address are used to select ASTRO registers to read from as follows: 
Bits 2-0 Selected Register 
000 Control Register 1 
010 Control Register 2 
100 Status Register 
110 Receiver Buffer 


When the Read Enable (RE) line is set to a logic 0 condition by the Controller the ASTRO gates the contents 
of the addressed register onto the DAL bus. The Read operation terminates, and the device becomes unselected, 
when both the Chip Select and Read Enable return to a logic 1 condition. Reading of the Receiver Buffer clears 
the Data Received Status bit. The data is removed from the DAL bus when the RE signal returns to the logic 
high state. 


Write 
Bits 2-0 of the address are used to select ASTRO registers to be written into as follows: 
Bits 2-0 Selected Register 
000 Control Register 1 
010 Control Register 2 
100 SYN and DLE Register 
110 Transmitter Buffer 


When the Write Enable (WE) line is set to a logic 0 condition by the Controller the ASTRO gates the data 
from the DAL bus into the addressed register. If data is written into the Transmitter Buffer, the TBMT Status bit 
is cleared to a logic zero. 

The 100 address loads both the SYN and DLE registers. After writing into the SYN register the device is 
conditioned to write into the DLE if followed by another Write pulse with the 100 address. Any intervening 
Read or Write operation with other addresses or 6thér ASTROs resets this condition such that the next 100 will 
address the SYN register. 

Interrupts 
The following conditions generate interrupts: 

Data Received (DR) 

Indicates transfer of a new character to the Receiver Buffer while the Receiver is enabled. 

Transmitter Buffer Empty (TBMT) 

Indicates that the Transmitter Buffer is empty while the Transmitter is enabled. The first interrupt occurs when 
the Transmitter becomes enabled if there is an empty Transmitter Buffer, or after the character is transferred 
to the Transmitter Register making the Transmitter Buffer empty. 

Carrier On 
Indicates Carrier Detector input goes low and the Data Terminal Ready (DTR) bit (CR10) is high. 

Carrier Off 
Indicates Carrier Detector input goes high and the Data Terminal Ready (DTR) bit (CR10) is high. 

Data Set Ready On 
Indicates the Data Set Ready input goes low and the Data Terminal Ready (DTR) bit (CR10) is high. 

Data Set Ready Off 
Indicates the Data Set Ready input goes high and the Data Terminal Ready (DTR) bit (CR10) is high. 

Ring On 
Indicates the Ring Indicator input goes low and the Data Terminal Ready (DTR) bit (CR10) is tow. 

Each time an interrupt condition exists the INTR output from the ASTRO is made a logic low. The following 
interrupt procedure is then carried out even if the interrupt condition is removed. 


The Controller acknowledges the Interrupt request by setting the Chip Select (CS) and the interrupt 
Acknowledge Input (IACKI) to the ASTRO to a low state. On this transition all non-interrupting devices receiving 
‘the IACKI signal set their Interrupt Acknowledge Output (IACKO) low, enabling lower priority daisy-chained 
devices to respond to the interrupt request. The highest priority device that is interrupting will then set its RPLY 
line low. This device will place its ID code on Bit Positions 7-3 of the DAL bus when a low RE signal is received. 
The data is removed from the DAL bus when the Read Enable (RE) signal returns to the logic one state. To reset 
the Interrupt condition (INTR) Chip Select (CS) and IACKI must be received by the ASTRO. 
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Description of Pin Functions 





. Symbol Pin Name 1/0 Function 

Ves POWER SUPPLY PS -—5Volts 

Vec POWER SUPPLY PS + 5 Volts 

Voo POWER SUPPLY PS + 12 Volts 

Vss GROUND GND Ground 

MR MASTER RESET | The Control and Status Registers and other controls 
are cleared when this input is low. 

DALO- DATA ACCESS LINES 1/0 _ Eight-bit bi-directional bus used for transfer of data, 

DAL7 control status, and address information. 

ID7 SELECT CODE | Five input pins which when hard-wired assign the 

ID6 | device a unique identification code used to select 

ID5 I the device when addressing and used as an 

1D4 l identification when responding to interrupts. 

ID3 | 

cs CHIP SELECT | The low logic transition of CS identifies a valid 
address on the DAL bus during Read and Write 
operations. 

RE READ ENABLE | This input, when low, gates the contents of the 
addressed register from a selected ASTRO onto 
the DAL bus. 

WE WRITE ENABLE | This input, when low, gates the contents of the DAL 
bus into the addressed register of aselected 
ASTRO. 

INTR INTERRUPT Oo This open drain output, to facilitate WIRE-ORing, 
goes low when any interrupt conditions 
occur. 

IACKI INTERRUPT I When the Controller (determining the interrupting 

ACKNOWLEDGE IN ASTRO) makes this input low, the ASTRO places 
its ID code on the DAL bus and sets reply low if itis 
interrupting, otherwise it makes [ACKO a low. 

IACKO INTERRUPT oO This output goes low in response to a low IACK| if 

ACKNOWLEDGE OUT the ASTRO is not the interrupting device. 
RPLY REPLY O This open drain output, to facilitate WIRE-ORing, 


goes low when the ASTRO is responding to being 
selected by an address on the DAL bus or in 
affirming that itis the interrupting source. 


64 


Description of Pin Functions 
Pin No. Symbol Pin Name 1/0 Function 


30 R1 CLOCK RATES | These four inputs accept four different local 32X 

I data rate Transmit and Receive clocks. The input on 
32 R3 | R4 may be divided down into a32X clock froma 

l 32X, 64X, 128X, or 256X clock input. The clock used 
in the ASTRO is selected by bits 0-2 of Control 


Register 2. 


37 BA TRANSMITTED DATA O This outputis the transmitted serial data from the 
ASTRO. This output is held in a Marking condition 
when the transmitter section is not enabled. 





27 BB RECEIVED DATA | This input receives serial data into the ASTRO. 


38 CA REQUEST TO SEND O This outputis enabled by bit 1 of Control Register 1 
and remains in a low state during transmitted data 
from the ASTRO. . 


36 CB CLEAR TO SEND | This input, when low, enables the transmitter 
section of the ASTRO. 


28 «CC DATA SET READY | This input generates an interrupt when going ON or 
OFF while the Data Terminal Ready signal is ON. 
It appears as bit 6 in the Status Register. 


16 cD DATA TERMINAL oO This output is generated by bit 0 in Control Register 
READY 1 and indicates Controller readiness. 
18 CE RING INDICATOR I This input from the Data Set generates an interrupt 


when made low with Data Terminal Ready in the 
OFF condition. 


29 CF CARRIER DETECTOR 1 This input from the Data Set generates an interrupt 
when going ON or OFF if Data Terminal Ready is 
ON. It appears as bit 5 in the Status Register. 


35 DB TRANSMITTER | This inputis the Transmitter 1X Data Rate Clock. 
TIMING lts use is selected by bits 0-2 of Control Register 2. 
The transmitted data changes on the negative 
transition of this signal. 


34 DD RECEIVER TIMING l This input is the Receiver 1X Data Rate Clock. Its 
use is selected by bits 0-2 of Control Register 2. The 
Received Data is sampled by the ASTRO on the 
positive transition of this signal. 


19 MISC MISCELLANEOUS O This outputis controlled by bits 4 and 5 of Control 
Register 1 and is used as an extra programmable 
signal. 
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Device Programming 
The two 8-bit Control Registers of the ASTRO determine the operative conditions of the ASTRO chip. 


Control Register 1 





SYNC/ASYNC | ASYNC ASYNC (TRANS. ENABLED) SYNC/ASYNC SYNC/ASYNC SYNC/ASYNC 


0 — LOOP 0 — NONBREAK 0 — 1¥2 or 2 STOP BIT 0 — NON ECHO MODE 0~—NO Beda es ENABLED | 0— RECEIVER | 0—SETS ATS | 0 — SETS DTR 
MODE MODE Ss N 1 — AUTO ECHO MODE 1 — PARITY CHECK DISABLED OUT =1 OUT=1_ 
1—NORMAL | 1 — BREAK MODE 1 — SINGLE STOP BIT ENABLED ON 1— RECEIVER | 1—SETS RTS | 1—SETS OTR 
MODE 1™ SELECTION SYNC (CR12 = 1) RECEIVER AND ENABLED OUT=0 OUT=0 
PARITY GENERATION 
ENABLED ON 
TRANSMITTER 
1 — MISC OUT=0 ENABLED SYNC 
PARENT MODE 


1— TRANSMITTER | SYNC (CR16=0) SYNC (CR12 =0) 0 ~ RECEIVER PARITY 
TRANSPARENT |——————___ CHECK tS DISABLED 
MODE 0 — NO PARITY 0 — MISC OUT=1 1 — RECEIVER PARITY 

GENERATED 1— MISC OUT=0 CHECK IS ENABLED 
1 — TRANSMIT PARITY 
ENABLED 


SYNC ASYNC (TRANS. DISABLED) | 0 — DLE STRIPPING 
NOT ENABLED 
0 — TRANSMITTER | 0 — MISC OUT=1 1 — DLE STRIPPING 
NON TRANS- 


SYNC (CR16 = 1) 


0 — NO FORCE DLE 
1 — FORCE DLE 





Bit 0 

Controls the Data Terminal Ready output on Pin 16 to control the CD circuit of the Data Set. 

A logic 1 enables the Carrier and Data Set Ready interrupts. A logic 0 enables only the telephone line 
Ring interrupt. The DTR output is inverted from the state of CR10. 


Bit 1 

Controls the Request to Send output on Pin 38 to control the CA circuit of the Data Set. The RTS output 
is inverted from the state of CR11. A logic 1 combined with a low logic Clear to Send input enables 

the Transmitter and allows TBMT interrupts to be generated. A logic 0 disables the Transmitter and 
turns off the external Request to Send signal. Any character in the Transmitter Register will be 
completely transmitted before the Transmitter is turned off. The Request to Send output may be used 
for other functions such as Make Busy on 103 Data Sets. 


Bit 2 
A logic 1 enables the ASTRO to receive data into the Receiver Buffer, update Receiver Status 


Bits 1, 2, 3, and 4, and to generate Data Received interrupts. A logic 0 disables the RO COINET. and clears 
the Receiver Status bits. 


Bit 3 
Asynchronous Mode 


A logic 1 enables check of parity on received characters and generation of parity for transmitted 
characters. 


Synchronous Mode 


A logic 1 bit enables check of parity on received characters only. Note: Transmitter parity enable is 
controlled by CR15. 
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ae Asynchronous Mode 

A logic 1 enables the Automatic Echo mode when the receiver section is enabled. In this 

mode the clocked regenerated data is presented to the Transmitter Data output in place of normal 
transmission through the Transmitter Register. This serial method of echoing does not present any 
abnormal restrictions on the transmit speed of the terminal. Only the first character of a Break 

condition of all zeroes (null character) is echoed when a Line Break condition is detected. For all 
subsequent null characters, With logic zero Stop bits, asteady Marking condition is transmitted until 
normal character reception resumes. Echoing does not start until a character has been received and the 
Transmitter is idle. The Transmitter does not have to be enabled during the Echo mode. 


Synchronous Mode 
A logic 1, with the Receiver enabled does not allow assembled Receiver data matching the DLE 
register contents to be transferred to the Receiver Buffer; also, parity checking is disabled. 


When the Receiver is not enabled this bit controls the Miscellaneous output on Pin 19, which may be 
used for New Sync on a 201 Data Set. When operating with a 32X clock and a disabled Receiver, a logic 

1 on this bit also causes the Receiver timing to synchronize on Mark-To-Space transitions. 

alts Asynchronous Mode 

A logic 1, with the Transmitter enabled, causes a single Stop bit to be transmitted. A logic 0 causes 
transmission of 2 stop bits for character lengths of 6, 7, or 8 bits and one-and-a-half Stop bits fora 
character length of 5 bits. 

With the Transmitter disabled this bit controls the Miscellaneous output on Pin 19, which may be used 
for Make Busy on 103 Data Sets, Secondary Transmit on 202 Data Sets, or dialing on CBS Data Couplers. 


Synchronous Mode 
A isdic 1 combined with a logic 0 on Bit 6 of Control Register 1 enables Transmit parity; if CR15-0 or 
CR16=1 no parity is generated. When set to a logic 1 with Bit6 also a logic 1, the contents of the DLE 
register are transmitted prior to the next character loaded in the Transmitter Buffer as part of the 
Transmitter Transparent mode. 


ais Asynchronous Mode 

A logic 1 holds the Transmitted Data output in a Spacing (Logic 0) condition, starting at the end of any 
current transmitted character, when the Transmitter is-enabled. Normal Transmitter timing continues 

so that this Break condition can be timed out after the loading of new characters into the Transmitter Buffer. 


Synchronous Mode 
Alogic 1 conditions the Transmitter to a transparent transmission which implies that idle transmitter 
time will be filled by DLE-SYN character transmission and a DLE character can be forced ahead of any 
character in the Transmitter Buffer (Bit 5 above). When forcing DLE transmission, Bit 5 should be set to 
alogic 1 prior to loading the Transmitter Buffer, otherwise the character in the latter register may be 
transferred to the Transmitter Register prior to sending the DLE character. 


Bit7 


A logic 0 configures the ASTRO into an Internal Data and Control Loop mode and disables the 
Ring interrupt. In this diagnostic mode the following loops are connected internally: 


a. The Transmit Data is connected to the Receive Data with the BA pin held in a Mark condition and 
the input to the BB pin disregarded. 


b. With a 1X clock selected, the Transmitter Clock also becomes the Receive Clock. 


c. The Data Terminal Ready (DTR) Control bit is connected to the Data Set Ready (DSR) input, with 
the Data Terminal Ready (DSR) output pin held in an OFF condition (logic high), and the DSR input 
pinis disregarded. 


d. The Request to Send Control bit is connected to the Clear To Send (CTS) and Carrier Detector (CF) 
inputs, with the Request To Send (RTS) output pin held in an OFF condition (logic high), and the CTS 
and Carrier Detector input pins are disregarded. 





e. The Miscellaneous pin is held in an OFF (logic high) condition. 


A logic 1 on Bit 7 enables the Ring interrupt and returns the ASTRO to the normal full duplex 
configuration. 
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Control Register 2 


Control Register 2, unlike Control Register 1, cannot be changed at any time. This register should be 
changed only while both the receiver and transmitter sections of the ASTRO are in the idle state. 


7 5 














SYNC/ASYNG MODE SELECT SYNC/ASYNC ASYNC SYNC/ASYNC 
CHARACTER LENGTH SELECT 0 — ASYNCHRONOUS 0 — EVEN PARITY 0 — RECEIVER CLK= CLOCK SELECT 
LECT RATE 1 
00=8 BITS 


MODE 
01=7 BITS 1 — SYNCHRONOUS 
10=6 BITS MODE 


SELEC 
1 — ODD PARITY 1 — RECEIVER CLOCK 000 — 1X CLOCK 
SELECT DETERMINED BY 001 — RATE 1 CLOCK 
BITS 2-0 010 — RATE 2 CLOCK 
011 — RATE 3 CLOCK 
SYNC (CR16 =0) 100 — RATE 4 CLOCK 
Sire eee 101 — RATE 4 CLOCK = 2 
0 — NO SYN STRIP 110 — RATE 4 CLOCK + 4 
1 — SYN STRIP 111 — RATE 4 CLOCK =~ 8 


SYNC (CR16 = 1) 


0 — NO DLE-SYN STRIP 
1 — DLE-SYN STRIP 


11=5 BITS 





Bits 0-2 
These bits select the Transmit and Receive clocks. 


Bits Clock Source 


1X Clock (Pin 35) 1X Clock (Pin 34) 
Rate 1 32X clock (Pin 30) 
Rate 2 32X clock (Pin31) * 
Rate 3 32X clock (Pin 32) * 
Rate 4 32X clock (Pin33) * ~° 
Rate 4 32X clock (Pin 33) ( 
Rate 4 32X clock (Pin 33) (+ 
Rate 4 32X clock (Pin 33) ( 


aes = = OOO O|/ND 





10 
00 
01 
10 
4 
00 
01 
10 
11 





NOTES: 
*Rx clock is modified by bit 3 in the asynchronous mode. 


tRate 4 is internally dividable so that the required 32X clock may be derived from an applied 64X, 128X, or 256X clock 
which may be available. 


Bits 3 

Asynchronous Mode 
A logic 0 selects the Rate 1 32X clock input (Pin 30) as the Receiver clock rate and a logic 1 selects the 
same clock rate for the Receiver as selected by Bits 2-0 for the Transmitter. This bit must be a logic 1 
for the 1X clock selection by Bits 2-0. 

Synchronous Mode 
A logic 1 causes all DLE-SYN combination characters in the Transparent mode when DLE strip (CR14) 
is alogic 1, or all SYN characters in the Non-transparent mode to be stripped out and no Data Received 
interrupt to be generated. The SYN Detect status bit is set with reception of the next assembled 
character as is transferred to the Receiver Buffer. 


Bit 4 
A logic 1 selects odd parity and a logic 0 selects even parity, when parity is enabled by CR13 
and/or CR15. 


Bit 5 

Alogic 1 selects the Synchronous Character mode. A logic 0 selects the Asynchronous Character mode. 
Bits 6-7 

These bits select the full character length (including parity, if selected) as shown above. When parity is 
enabled it must be considered as a bit when making character length selection (5 bits plus parity =6 bits). 
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Status Register 


The data contained in the Status Register define Receiver and Transmitter data conditions and 
status of the Data Set. 


© Carrier ® Framing e Overrun | e Data e Transmitter 


Detector Error Error Received, Buffer 
e Syn (DR) Empty 
Detect (TBMT) 





Bit 0 

A logic 1 indicates that the Transmitter Buffer may be loaded with new data. It is set toa logic 1 

when the contents of the Transmitter Buffer is transferred to the Transmitter Register. It is cleared when 
the Transmitter Buffer is loaded from the DAL bus, or when the Transmitter is disabled. 


Bit 1 
A logic 1 indicates that an entire character has been received and transferred into the Receiver 
Buffer. It is cleared when the Receiver Buffer is read onto the DAL bus, or the Receiver is disabled. 


Bit 2 

A logic 1 indicates an Overrun error which occurs if the previous character in the Receiver 

Buffer has not been read and Data Received is not reset, at the time a new character is to be transferred 
to the Receiver Buffer. This bit is cleared when no Overrun condition is detected (the next character 
transfer time) or when the Receiver is disabled. 


Bit 3 
When the DLE Strip is enabled (CR14) the Receiver parity check is disabled and this bit is set to a logic 1 
if the previous character to the presently assembled character matched the contents of the DLE 
register; otherwise it is cleared. The DLE DET remains for one character time and is reset on the next 
character transfer or on a Status Register Read. If DLE Strip is not enabled this bit is set to a logic 1 
when the Receiver is enabled, Receiver parity (CR13) is also enabled, and the last received character 
has a Parity error. A logic 0 on this bit indicates correct parity. This bit is cleared in both modes when 
the Receiver is disabled. 
Bit 4 

Asynchronous Mode 
A logic 1 indicates that the received data did not have a valid stop bit, while the Receiver was enabled, 
which indicates a Framing error. This bit is set to a logic 0 if the stop bit (logic 1) was detected. 


Synchronous Mode 
A logic 1 indicates that the contents of the Receiver Register matches the contents of the SYN Register. 
The condition of this bit remains for a full character assembly time. If SYN strip (CR23) is enabled this 
status bit is updated with the character received after the SYN character. 


In both modes the bit is cleared when the Receiver is disabled. 

Bit 5 ges 

This bit is the logic complement of the Carrier Detector input on Pin 29. 

Bit 6 ee . 

This bit is the logic complement of the Data Set Ready input on Pin 28. With 202-type Data Sets 

it can be used for Secondary Receive. 

Bit7 ee See es 
This bit is set to a logic 1 whenever there is a change in state of the Data Set Ready or Carrier Detector 


inputs while Data Terminal Ready (CR10) is a logic 1 or the Ring Indicator is turned ON, with DTRa 
logic 0. This bit is cleared when the Status Register is read onto the DAL bus. 
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Flow Chart Receiver Operations 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ............ cee cc eee ene e ee eee nen eens O°C to + 70°C 
Storage Temperature Range .......... 0... ccc cece eet ene teen eee n ens —55°C to +150°C 
Lead Temperature (soldering, 10 Sec.) .. 0... ee cent cent e nt nn tenes + 325°C 
Positive Voltage on any Pin, with respect to ground......... 0.0... cece cette tenes +18.0V 
Negative Voltage on any Pin, with respect to ground... ......... ccc ccc cee eet ences —0.3V 


“Stresses above those listed may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in 
the operational! sections of this specification is not implied. 
ELECTRICAL CHARACTERISTICS 
(T,=0°C to 70°C, Vege = + 5V £5%, Vop= +12V 5%, Vig =—5V +5%, Veg= OV, unless otherwise noted) 


Parameter Min Typ. Max. Unit Comments 


D.C. Characteristics 
INPUT VOLTAGE LEVELS 























Low Level, Vi, 0.8 V 

High Level, V,, 2.4 V 

OUTPUT VOLTAGE LEVELS 

Low Level, Vo, 0.4 V lop =1.6ma 

High Level, Vou 2.4 lon = 100 pa 
INPUT LEAKAGE 

Data Bus 5.0 10.0 pa 0=V y=5Vv 

All others 5.0 10.0 pa Vin= +12v 
POWER SUPPLY CURRENT 

lec 80.0 ma 

lop 10.0 ma 

les 1.0 ma 
A.C. Characteristics T,= 25°C 
CLOCK-RCP, TCP 

frequency 1.0 MHz 
DAL Bus 

Tas Address Set-Up Time 0 ns 

Tan Address Hold Time 150 ns 

Tare Address to RPLY Delay 400 ns 

Tes CS Width 250 ns 

Tesrte CS to Reply OFF Relay 0 250 ns R, = 2.7 KO 
Read _ 

Tare Address and RE Spacing 250 ns 

Trees RE and CS Overlap 20 ns 

Trecs RE to CS Spacing 250 ns 

Trep RE to Data Out Delay 180 ns C.= 20 pf 
Write 

Tawe Address to WE Spacing 250 ns 

TweesH WE and CS Overlap 20 ns 

Twe WE Width 200 1000 ns 

Tos Data Set-Up Time 150 ns 

Tox Data Hold Time 100 ns 

Twees WE to CS Spacing 250 ns 
Interrupt 

Tesi cs to IACKI Delay 0 ns 

Tesre CS to RE E Delay 250 ns 

Tesrey cs and RE Overlap 20 ns 

Trees RE toCS Spacing 250 ns 

Tp IACKI Pulse Width 200 ns 

Tiap IACKI to Valid ID Code Delay 250 ns See Note 1. 

Treo RE OFF to DAL Open Delay 180 ns 

Trae IACKI to RPLY Delay 250 ns See Note 1. 

Tesrte CS to RPLY OFF Delay 0 250 ns Ri =2.7 KO 

Th IACKI to IACKO Delay 200 ns 

Tret RE OFF to IACKO OFF Delay 250 ns 


Note 1: If RE goes low after IACKI goes low, the delay will be from the falling edge of RE. 
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STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 

CORPORATION information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
ee a eee assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
par taeet nviee =~ devices described any license under the patent rights.of SMC or others. SMC reserves the right to make changes 


Marcus Bivd., Hauppauge 
{$16} 273-3100 TWX-$10-227-8898 a 7 - . i 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
———_—— 


COM 1863 
‘COM 8018 


[IPC FAMILY 


Universal Asynchronous Receiver/Transmitter 


_UART 


FEATURES 
C] Compatible with TR1863 timing 


C).High accuracy 32X clock mode: 48.4375% Receiver Distortion 
immunity and improved RDA/ROR operation (COM 8018 only) 


OC High Speed Operation—62.5K baud, 200ns strobes 
C Single +5V Power Supply 
C) Direct TTL Compatibility— no interfacing circuits required 


C2 tnput pull-up options: COM 8018 has low current pull-up 
resistors; COM 1863 has no pull up resistors 


0 Full or Half Duplex Operation—can receive and transmit 
simultaneously at different baud rates 


CO Fully Double Buffered—eliminates need for precise external 
timing 

CJ Improved Start Bit Verification—decreases error rate 

C 46.875% Receiver Distortion !mmunity 


CO) Fully Programmable—data word length; parity mode; number 
of stop bits: one, one and one-half, or two 


() Master Reset— Resets all status outputs and Receiver Buffer 
Register 


C Three State Outputs—bus structure oriented 

C1 Low Power— minimum power requirements 

0 Input Protected—eliminates handling problems 

CJ Ceramic or Plastic DIP Package— easy board insertion 


CO Baud Rates available from SMC’s COM 8046, COM 8116, 
COM 8126, COM 8136, COM 8146 baud rate generators 


GENERAL DESCRIPTION 


The Universal Asynchronous Receiver/Transmitter is an 
MOS/LS! monolithic circuit that performs all the receiving and 
transmitting functions associated with asynchronous data 
communications. This circuit is fabricated using SMC’s 
patented COPLAMOS® technology and employs depletion 
mode loads, allowing operation from a single +5V supply. The 
duplex mode, baud rate, data word length, parity mode, and 
number of stop bits are independently programmable through 
the use of external controls. There may be 5, 6, 7, or 8 data 
bits, odd/even or no parity, and 1 or 2 stop bits or 1.5 stop bits 
when utilizing a5-bit code. These programmable features 
provide the user with the ability to interface with all 
asynchronous peripherals. 


“If pin 2 is taken to a logic 1 the COM 8018 will operate in a high 
accuracy mode. If pin 2 is connected to — 12V, GND, a valid logic 
zero, or left unconnected, the high accuracy feature is disabled, 
and the UART will operate in a 16X clock mode. Pin 2is not con- 
nected on the COM 1863. 
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PIN CONFIGURATION 


= 
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1 
2 
3 
4 
5 
6 
7 
8 


PACKAGE: 40-Pin D.I.P. 





FUNCTIONAL BLOCK DIAGRAM 
__ TD2 TD3 TD4 TDS TD6 TD7 TD8 


} TRANSMITTER BUFFER REGISTER | BUFFER REGISTER 


TRANSMITTER 
SHIFT 
REGISTER 


ier AND [TIMING ANO CONTROL TRANSMITTER, ee 


STATUS 


RIDES CONTROL WORD 


BUFFER 
aaa 


me 
foi ae } TIMING AND CONTROL RECEIVER | CONTROL RECEIVER 
RECEIVER 
REGISTER e 


| RECEIVER BUFFER REGISTER | BUFFER REGISTER 


(Bia: RO7 RD6 RDS RD4 RDB RD2 RD1 


NOB1 REGISTER 
eae 





DESCRIPTION OF OPERATION— TRANSMITTER 


At start-up the power is turned on, a clock whose 
frequency is 16 or 32 times the desired baud rate is 
applied, and master reset is pulsed. Under these 
conditions TBMT, TEOC, and TSO are all at a high 
level (the line is marking). 


When TBMT and TEOC are high, the control bits 
may be set. After this has been done the data bits 


may be set. Normally, the control bits are strobed © 


into the transmitter prior to the data bits. However, 
as long as minimum pulse width specifications 
are not violated, TDS and CS may occur simulta- 
neously. Once the data strobe (TDS) has. been 
pulsed, the TBMT signal goes low, indicating that 
the data bits buffer register is full and unavailable to 
receive new data. 


lf the transmitter shift register is transmitting pre- 
viously loaded data the TBMT signal remains low. 
If the transmitter shift register is empty, or when itis 
through transmitting the previous character, the 
data in the buffer register is loaded immediately into 
the transmitter shift register and data transmission 


commences. TEOC goes low, TSO goes low (the 
start bit), and TBMT goes high indicating that the 
data in the data bits buffer register has been loaded 
into the transmitter shift register and that the data 
bits buffer register is available to be loaded with 
new data. 


If new data is loaded into the data bits buffer register 
at this time, TBMT goes lowandremainsinthis state 
until the present transmission is completed. One 
full character time is available for loading the next 
character with nolossinspeed oftransmission. This 
is an advantage of double buffering. 


Data transmission proceeds in an orderly manner: 
start bit, data bits, parity bit (if selected), and the 
stop bit(s). When the last stop bit has been on the 
line for one bit time TEOC goes high. If TBMT is 
low, transmission begins immediately. lf TBMT is 
high the transmitter is completely at rest and, if 
desired, new control bits may be loaded prior to the 
next data transmission. 


TRANSMITTER BLOCK DIAGRAM 


ODD/EVEN 

PARITY SELECT. . 
NUMBER OF 
DATA BITS 


CONTROL BITS HOLDING REGISTER 


NO -NUMBER 

PARITY STOP BITS 
CONTROL 
STROBE 


TO 
RECEIVER 


16X or 32X 


LOAD 
CLOGK TIMING GENERATOR [— [4] Shiny 


STEERING LOGIC 4 


TRANSMITTER SHIFT REGISTER ; 
PARITY BIT GENERATION LOGIC 


DB8 DB7 DOB6 DBS DB4 DB3 DB2 DBI 


DATA BITS HOLDING REGISTER 
BUFFER - 


DATA STROBE 


TRANSMITTER 
BUFFER 


FF 
s 
= SERIAL 
OUTPUT 
OUTPUT 


LOGIC 


END OF 
CHARACTER 





DESCRIPTION OF OPERATION — RECEIVER 


At start-up the power is turned on, a clock whose 
frequency is 16 or 32 times the desired baud rate is 
applied and master reset is pulsed. The data 
available (RDA) signal is now low. There is one set 
of control bits for both the receiver and transmitter. 


Data reception begins when the serial input line 
transitions for mark (high) to space (low). If the 
RSI! line remains spacing for 15/32 to 17/32 bit 
times (in the 16X mode, HIACC = 0) or 31/64 to 
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33/64 bit times (in the 32X mode, HIACC = 1), a 
genuine start bit is verified. Should the line return 
to a marking condition prior to a 1/2 bit time, the 
start bit verification process begins again. A mark 
to space transition must occur in order to initiate 
start bit verification. Once a start bit has been . 
verified, data reception proceeds in an orderly 
manner: start bit verified and received, data bits 
received, parity bit received (if selected) and the 
stop bit(s) received. 


If the received parity bit is incorrect, the parity 
error flip-flop of the status word buffer register is 
set high, indicating a parity error. However, if the 
no parity mode is selected, the parity error flip- 
flop is unconditionally held low, inhibiting a parity 
error indication. If a stop bit is not received, the 
framing error flip-flop is set high, indicating a fra- 
ming error. 


On the negative RCP edge preceding the stop-bit 
center sample, internal logic looks at the data 
available (RDA) signal. If, at this instant, the RDA 
signal is high, or the RDAR signal is low, the 





receiver assumes that the previously received 
character has not been read out and the over-run 
flip-flop is set high. The only way the receiver is 
aware that data has been read out is by having the 
data available reset low. 


Subsequently the RDA output goes high indicating 
that all outputs are available to be examined. The 
receiver shift register is now available to begin re- 
ceiving the next character. Due to the double buf- 
fered receiver, a full character time is available to 
remove the received character. 


RECEIVER BLOCK DIAGRAM 


RD8 RD7 ROG RDS RD4 RDB RO2 RD1 


3-STATE BUFFER 


DATA BITS HOLDING REGISTER 
BUFFER 


CONTROL 
BITS FROM 
HOLDING 
REGISTER 


SERIAL 
INPUT 


T BIT 


| vestAeaN | ell BIT 
VERIFICATION scat CHECKING co 
| TIMING GENERATOR | ce. af 


16X or 32X 
CLOCK 


DESCRIPTION 







— 
er 
14 RFE Receiver Framing 

Error 


Receiver Data 
Outputs 











Receiver Parity 
Error 








PINNO. SYMBOL NAME FUNCTION 
1 Power Supply +5 volt Supply 


HIACC High Accuracy Enables 32X clock and improved RDA/ROR operation. 
Mode See NOTE on high accuracy mode. 

RDE Received Data A low-level input enables the outputs (RD8-RD1) of the 
Enable receiver buffer register. 


These are the eight 3-state data outputs enabled by RDE. | - 
Unused data output lines,as selected by NDB1 and NDB2, 
have a low-level output, and received characters are right 
justified, i.e. the LSB always appears on the RD1 output. 


This 3-state output (enabled by SWE) is at a high-level if 
the received character parity bit does not agree with the 
selected parity. 


This 3-state output (enabled by SWE) is at a high-level if 
the received character has no valid stop bit. 


FRAMING 
ERROR 
OVER RUN 
DATA 
AVAILABLE 


STATUS 
WORD 


PARITY ERROR 


TRANSMITTER 
BUFFER EMPTY 


3-STATE BUFFER 


RESET DATA 
AVAILABLE STATUS WORD 


HOLDING REGISTER 


(ates | TOaic 


rae RECEIVER SHIFT i 
cp REGISTER 


OF PIN FUNCTIONS 
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26-33 TD1-TD8 
Pe 


DESCRIPTION OF PIN FUNCTIONS 


| PINNO.| SYMBOL NAME FUNCTION 


Receiver Over 
Run 


Status Word 
Enable 


Receiver Clock 


Receiver Data 
Available Reset 


Receiver Data 
Available 


Receiver Serial 
Input 


Master Reset 


Transmitter 
Buffer Empty 


Transmitter 


Data Strobe 


Transmitter End 
of Character 


Transmitter 


Serial Output 


Transmitter 


Data Inputs 


Control Strobe 


No Parity Bit 


This 3-state output (enabled by SWE) is at a high-level if 
the previously received character is not read (RDA output 
reset not completed) before the present character is 
transferred into the receiver buffer register. 


A low-level input enables the outputs (RPE, RFE, ROR, 
RDA, and TBMT) of the status word buffer register. 


This input is a clock whose frequency is 16 times (16X) or 
32 times (32X) the desired receiver baud rate. 


A low-level input resets the RDA output to a low-level. 


RDAR must have gone low and come high again before 


ROR is sampled to avoid overrun indication. 


This 3-state output (enabled by SWE) is at a high-level 
when an entire character has been received and transferred 
into the receiver buffer register. 


This input accepts the serial bit input stream. A high-level 
(mark) to low-level (space) transition is required to initiate 
data reception. 


This input should be pulsed to a high-level after power 
turn-on. This sets TSO, TEOC, and TBMT to a high-level 
and resets RDA, RPE, RFE,ROR and RD1-RD8 toa low-level. 


This 3-state output (enabled by SWE) is at a high-level 
when the transmitter buffer register may be loaded with 
new data. 


A low-level input strobe enters the data bits into the 
transmitter buffer register. 


This output appears as a high-level during the last half 
clock cycle of the last stop bit. It remains at this level 
until the start of transmission of the next character or 
for one-half of a TCP period in the case of continuous 
transmission. 


This output serially provides the entire transmitted 
character. TSO remains at a high-level when no data is 
being transmitted. 


There are 8 data input lines (strobed by TDS) available. 
Unused data input lines, as selected by NDB1 and NDB2, 
may be in either logic state. The LSB should always be 
placed on TD1. 


A high-level input enters the control bits (NDB1, NDB2, 
NSB, POE and NPB) into the control bits holding register. 
This line may be strobed or hard wired to a high-level. 


A high-level input eliminates the parity bit from being 
transmitted: the stop bit(s) immediately follow the last data 
bit. In addition, the receiver requires the stop bit(s) to follow 
immediately after the last data bit. Also, the RPE output is 
forced to a low-level. See pin 39, POE. 





DESCRIPTION OF PIN FUNCTION 


NAME FUNCTION 


Number of This input selects the number of stop bits. A low-level input 
Stop Bits selects 1 stop bit; a high-level input selects 2 stop bits. 
Selection of two stop bits when programming a 5 data bit 
word generates 1.5.stop bits. 


These 2 inputs are internally decoded to select either 5, 6, 7, 
or 8 data bits/character as per the following truth table: 


NDB2 NDB1 data bits/character 
L L 5 














PINNO.| SYMBOL 
37-38 NDB2, 
NDB1 
rt 4 
X = don’t care 
0 


4 TCP Transmitter This input is a clock whose frequency is 16 times (16X) or 
Clock 32 times (82X) the desired transmitter baud rate. 


TRANSMITTER TIMING — 
8 BIT, PARITY, 2 STOP BITS 






















Number of Data 
Bits/Character 


















L H 
H L 
H H 
The logic level on this input, in conjunction with the NPB 
input, determines the parity mode for both the receiver and 
transmitter, as per the following truth table: 


NPB POE MODE 













Odd/Even Parity 
Select 















L L odd parity 
L H even parity 
H X no parity 


















TRANSMITTER START-UP 


TBMT I | | 
TSO START TOATA r oeeee DATA BJPARITY| STOP 1 STOP 2 | START 


Bit RE 









RECEIVER TIMING — START BIT DETECT AND VERIFY 


8 BIT, PARITY, 2 STOP BITS 8 9+ 16x 
@ 1 2 16 7 + 32X 
eee tee Ie ee been Mel le 


RS! | START [DATA eeaee [DATA a yPARITY| STOP 1 STOP a|start 


CENTER BIT | center sample 
SAMPLE | | | | | | | 


minimum continuous low 
required for start-bit verification 


RECEIVER TIMING DETAIL 


5 6 7 8 9 10 + 16X 
13 14 15 16 17 18 + 32X 


} stop bit center sample 


RDA 
(HIACC = @) 


RDA 
(HIACC = 1) 


RD1-RD8, X 
ROR 
RPE, RFE X 


79 









MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ........ cece cece cece nce e eee e eee ee eee eeneeees o°Cto+ 70°C 


Storage Temperature Range ........ cece cc cee cece eee e tence eee eet eeeeeeenes —55°C to +150°C 
Lead Temperature (Soldering, 10SEC.) .. 1... cece cece ce cee cece eee e eee e tee eeceeeeeeeas +325°C 
Positive Voltage on any Pin, with respect to Ground ... 0... ee eect ee cee tet c nec e eee eeeees +8.0V 
Negative Voltage on any Pin (except Pin 2), with respect to ground ............. cece cece ences —0.3V 
Negative Voltage on Pin 2, with respect to Ground ........ cece cece cee e ect e eee encnaes —13.2V 


Stresses above those listed may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at any other condition above 
those indicated in the operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, itis important 
that the Absolute Maximum Ratings not be exceeded or device failure can result. Some 
power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power is 
switched on and off. In addition, voltage transients on the AC power line may appear on the 
DC output. If this possibility exists it is suggested that at clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta =0°C to 70°C, Vop=+5V +5%, unless otherwise noted) 


Parameter | Min. | Typ. | Max. | Unit | Comments 


D.C. CHARACTERISTICS 





INPUT VOLTAGE LEVELS 
Low-level, Vit 0.8 V 
High-level, Vit 2.0 V 
OUTPUT VOLTAGE LEVELS 
Low-level, Vot 0.4 V jlo. =1.6mA 
High-level, Vou 2.4 V | loH =—100uA 
INPUT CURRENT 
Low-level, lit 300 HA |Vin= GND, COM 8018 only 
INPUT LEAKAGE +10 LA | COM 1863 only 
OUTPUT CURRENT eo ee 
Leakage, ILo +10 pA |SWE=RDE=Vi,0 5 Vout S+5V 
Short circuit, los** 40 mA | Vout = 0V 
INPUT CAPACITANCE 
All inputs, Cin 5 10 pf 
OUTPUT CAPACITANCE Bes 
All outputs, Cout 10 20 pf |SWE=RDE=Vi 
POWER SUPPLY CURRENT 
Icc 25 mA |All outputs = Vou, All inputs = Vop 
A.C. CHARACTERISTICS Ta = +25°C, See Timing Diagrams 
CLOCK FREQUENCY DC 1.0 MHz | RCP, TCP 
PULSE WIDTH 
Clock 0.45 us |}RCP,TCP 
Master reset 500 ns |MR 
Control strobe 200 ns |CS _ 
Transmitter data strobe 200 © ns | TDS 
Receiver data available reset 200 ns |RDAR 
INPUT SET-UP TIME 
Data bits 0 ns |TD1-TD8 
Control bits 0 ns |NPB, NSB, NDB2, NDB1, POE 
INPUT HOLD TIME 
Data bits 0 ns |TD1-TD8 
Control bits 0 ns |NPB, NSB, NDB2, NDB1, POE 
ENABLE TO OUTPUT DELAY Load = 20pf +1 TTLinput 
Receive data enable 250 ns_ | RDE: Teo, Tepo 
Status word enable 250 ns .| SWE: Tpo1, Tepo 
OUTPUT DISABLE DELAY 250 ns _|RDE, SWE 








**Not more than one output should be shorted at a time. 


NOTES: 1. If the transmitter is inactive (TEOC and TBMT are ata high-level) the start bit will appear on the TSO line within 
1% clock period (TCP) after the trailing edge of TDS. 


2. The start bit (mark to space transition) will always be detected within one RCP clock period, guaranteeing 
a maximum start bit slippage of £1/32 or +1/64 of a bit time. 


3. The 3-state output has 3 states: 1) lowimpedancetoVopd_2)lowimpedancetoGND 3) highimpedance OFF = 
10M ohms The “OFF” state is controlled by the SWE and RDE inputs. 
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DATA/CONTROL TIMING DIAGRAM 


VIH 
VIL 


TSeT-uP 


VIH 
DATA INPUTS Vit 
t.= t,-=20ns 
TseT-up 20 
THoLD 20 


cs VIH 
Vit 


TSET-UP THOLD 


ViH 
Vit 


CONTROL INPUTS 


*Input information (Data/Control) need only be valid during 
the last Tew, min time of the input strobes (TDS, CS). 


OUTPUT TIMING DIAGRAM 


RDE, SWE 


OUTPUTS 
(RD1-RD8, RDA, 
RPE, ROR, RFE, TBMT) 


Tep1, Tepo 


NOTE: Waveform drawings not to scale for clarity. 


ADDITIONAL TIMING INFORMATION 





NOTES ON COM 8018 AND COM 1863 
HIGH-ACCURACY AND IMPROVED 
RDA/ROR MODE 


The HIACC mode is enabled by applying a logic 
“one” to pin 2. If this pin is left unconnected, or 
connected to GND, —12V, or a logic “zero,” the 
HIACC mode is disabled. The HIACC input has an 
internal pull-down resistor. 


When the HIACC mode is selected, the TX and RX 
halves both operate on 32X instead of 16X clocks. 
Also, RDA is notched during the one half receiver 
clock cycle preceding the stop bit center sample 
when RD1-RD8 and ROR are changing. 


Whether or not the HIACC mode is selected, RDA 
must be low and RDAR must have returned high to 
avoid setting ROR. If RDAR is held low past the 
stop-bit center sample, RDA will go high after RDAR 
returns high. 


The maximum current HIACC will supply if con- 
nected to —13.2V is 3.5mA. 


IMPROVED RDA/ROR OPERATION 
TIMING DIAGRAMS 


RD1-RD8, and ROR determined 


a bit center sample 
RCP | | | | | | 


RDAR at last possible moment 
and not get ROR 


RD1-RD8, and ROR determined 


Shi center sample 
RCP | | | | | | 


RD1-RD8, and ROR determined 


So center sample 
RCP | | | | | 


Protection against missing the ROR flag 


SECTION It! 





_ FLOW CHART—TRANSMITTER FLOW CHART— RECEIVER 


1. TURN POWER ON 
2. PULSE MASTER RESET 
3. SELECT BAUD RATE —16X or 32X CLK 


TBMT =1 
TEOC =1 
TSO =1 {STOP BIT) 


SET CONTROL BITS— PULSE CS 
SET DATA BITS 


= 
TDS BEEN 


PULSED 
? 


Is 
ee 
SHIFT REGISTER 


EMPTY ? 
{TEOC = 1) 


1. LOAD TRANSMITTER SHIFT REGISTER 
2. TEOC =0 
3. TSO = 0 (START BIT) 


HAS 
1 BIT TIME 
ELAPSED ? 


SHIFT 1 BIT RIGHT IN THE 
TRANSMITTER SHIFT REGISTER 


TRANSMIT START BIT, DATA 
BITS, SELECTED PARITY MODE. 
AND STOP BIT(S} 





HAS 
THE LAST 
STOP BIT BEEN ON THE. 
LINE FOR 1 BIT 
TIME ? 


TEOC=1 TSO=1 





STANDARD MICROSYSTEMS 
CORPORATION 


35 Marcus Blvd. Hauppauge, N.Y. 11788 
{516) 273-3100 TWX-5! 7-8898 





1. TURN POWER ON 

2. PULSE MASTER RESET 

3. SELECT BAUD RATE —16X OR 32X CLK 
4. SET CONTROL BITS 


HAS 
THE LINE 
TRANSITIONED 


FROM MARKING TO 
SPACING 
? 


HAS 
A START 
BIT BEEN VERIFIED? 
8-16X CLK 
or 
16-32X CLK 


YES 


LOAD START BITINTO 
RECEIVER SHIFT REGISTER 


ee 
1 BIT TIME 


ELAPSED ? 


YES 


SHIFT AND LOAD DATA BIT INTO 
RECEIVER SHIFT REGISTER 





HAS THE 
SELECTED NUMBER 
OF DATA BITS BEEN 

RECEIVED 


YES 


‘a RCP 
BEFORE STOP- BIT 
CENTER 
SAMPLE? 


1S BOTH ADA = O NNO 
AND ROAR = 17 
SET ROR 


YES NO 


RESET ROR 


RESET RDA 





TRANSFER DATA TO RO1-RD8 


STOP-BIT 


ARE NTER 
THERE NEW : eee 


CONTROL BITS 
? 


SET/RESET RFE 
SET/RESET RPE 


SET RDA 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 


_ CORPORATION COM2502 


COM2Z017 






areas eee cd, ees 





Universal Asynchronous Receiver/Transmitter 


UART 


C Direct TTL Compatibility — no interfacing circuits 
required , 


C Full or Half Duplex Operation— can receive and 
transmit simultaneously at different baud rates 


OX Fully Double Buffered — eliminates need for precise 
external timing 


C1 Start Bit Verification — decreases error rate 


Ci Fully Programmable — data word length, parity mode, 
number of stop bits; one, one and one-half, or two 


OC High Speed Operation — 40K baud, 200ns strobes 
CJ Master Reset— Resets all status outputs 
C Tri-State Outputs — bus structure oriented 
[Low Power— minimum power requirements 
C] Input Protected — eliminates handling problems 


(] Ceramic or Plastic Dip Package — easy board insertion 


GENERAL DESCRIPTION 


The Universal Asynchronous Receiver/Transmitter is 
an MOS/LSI monolothic circuit that performs all the 
receiving and transmitting functions associated with 
asynchronous data communications. This circuit is 
fabricated using SMC’s P-channel low voltage oxide- 
nitride technology. The duplex mode, baud rate, data 
word length, parity mode, and number of stop bits are 
independently programmable through the use of exter- 
nal controls. There may be 5, 6, 7 or8 data bits, odd/even 
or no parity, and 1, or 2 stop bits or 1.5 stop bits when 
utilizing a 5-bit code from the COM 2017. 

The UART can operate in either the full or half duplex 
mode. These programmable features provide the user 
with the ability to interface with all asynchronous 
peripherals. 
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Pin Configuration 


1 
2 
3 
4 
5 
6 
7 
8 


NNONN NN 
oa 


PACKAGE: 40-Pin D.I.P. 





Functional Block Diagram 
TD1 TD2 TD3 TO4 TDS TO6 TD7 TD8 


og ote ele be bs | 
TRANSMITTER BUFFER REGISTER 


cs 


NPB 

NsBese_yl 

NORD CONTROL 

pai REGISTER 
[399] 


POE x 


i TIMING AND CONTROL RECEIVER 


RECEIVER 
SHIFT 


REGISTER 


l] 


RD8& RD7 RD6 RDS RD4 RD3 RD2 RD1 








DESCRIPTION OF OPERATION— TRANSMITTER 


At start-up the power is turned on, a clock whose 
frequency is 16 times the desired baud rate is 
applied and master reset is pulsed. Under these 
conditions TBMT, TEOC, and TSO are all at a high 
level (the line is marking). 


When TBMT and TEOC are high, the control bits 
may be set. After this has been done the data bits 
may be set. Normally, the contro! bits are strobed 
into the transmitter prior to the data bits. However, 
as long as minimum pulse width specifications 
are not violated, TDS and CS may occur simulta- 
neously. Once the date strobe (TDS) has been 
pulsed the TBMT signal goes low, indicating that 
the data bits buffer register is full and unavailable to 
receive new data. 


If the transmitter shift register is transmitting pre- 
viously loaded data the TBMT signal remains low. 
If the transmitter shift register is empty, or when it is 
through transmitting the previous character, the 
data in the buffer register is loaded immediately into 
the transmitter shift register and data transmission 


commences. TSO goes low (the start bit), TEOC 
goes low, the TBMT goes high indicating that the 
data in the data bits buffer register has been loaded | 
into the transmitter shift register and that the data 
bits buffer register is available to be loaded with 
new data. 


If new data is loaded into the data bits bufferregister 
at this time, TBMT goes lowand remainsin this state 
until the present transmission is completed. One 
full character time is available for loading the next 
character with no loss inspeed of transmission. This 
is an advantage of double buffering. 


Data transmission proceeds in an orderly manner: 
start bit, data bits, parity bit (if selected), and the 
stop bit(s). When the last stop bit has been on the 
line for one bit time TEOC goes high. If TBMT is 
low, transmission begins immediately. If TBMT is 
high the transmitter is completely at rest and, if 
desired, new control bits may be loaded prior to the 
next data transmission. 


TRANSMITTER BLOCK DIAGRAM 


ODD/EVEN 
PARITY SELECT 


NUMBER OF 
DATA BITS 


NO NUMBER 
PARITY STOP BITS 


CONTROL 


STROBE CONTROL BITS HOLDING REGISTER 


To 
RECEIVER 


DATA BITS HOLDING REGISTER 


STEERING LOGIC 


TIMING GENERATOR [_] 7) Seine TRANSMITTER SHIFT REGISTER 
an PARITY BIT GENERATION LOGIC 


OB8 087 DB6 DBS DB4 DB3 DB2 0B1 


BUFFER DATA STROBE 


TRANSMITTER 
ER 


SERIAL 
OUTPUT 


OUTPUT 
LOGIC 


END OF 
CHARACTER 





DESCRIPTION OF OPERATION— RECEIVER 


At start-up the power: is turned on, a clock whose 
frequency is 16 times the desired baud rate is applied 
and master reset is pulsed. The dataavailable (RDA) 
signal is now low. There is one set of control bits for 
both the receiver and transmitter. 


Data reception begins when the serial input line 
transitions from mark (high) to space (low). If the 
RSIline remains spacing for a1/2 bit time, agenuine 
start bit is verified. Should the line return toa mark- 
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ing condition prior toa 1/2 bit time, the start bit veri- 
fication process begins again. A mark to space 
transition must occur in order to initiate start bit 
verification. Once a start bit has been verified, data 
reception proceeds in an orderly manner: start bit 
verified and received, data bits received, parity bit 
received (if selected) and the stop bit(s) received. 


If the transmitted parity bit does not agree with the 
received parity bit, the parity error flip-flop of the 


status word buffer register is set high, indicating a 
parity error. However, if the no parity mode is se- 
lected, the parity error flip-flop is unconditionally 
held low, inhibiting a parity error indication. If a 
stop bitis not received, due to animproperly framed 
character, the framing error flip-flop is set high; 
indicating a framing error. 


Once a full character has been received internal 
logic looks at the data available (RDA) signal. If, at 
this instant, the RDA signal is high the receiver 
assumes that the previously received character has 


not been read out and the over-run flip-flop is set 
high. The only way the receiver is aware that data 
has been read out is by having the data available 
reset low. 


At this time the RDA output goes high indicating 
that all outputs are available to be examined. The 
receiver shift register is now available to begin re- 
ceiving the next character. Due to the double buf- 
fered receiver, a full character time is available to 
remove the received character. 


RECEIVER BLOCK DIAGRAM 


RD8 RD7 RD6 RDS RO4 ROB RO2 RD1 


AND GATE 


DATA BITS HOLDING REGISTER 
BUFFER 
SERIAL STAAT BIT PARITY allt | 


CONTROL 
BITS FROM 
HOLDING 
REGISTER 


INPUT 


VERIFICATION : CHECKING 1 LOGIC a JUSTIFY LOGIC i cp REGISTER 
TIMING GENERATOR 





FRAMING 
ERROR 


PARITY ERROR 


DATA TRANSMITTER 
AVAILABLE BUFFER EMPTY 


AND GATE 


STATUS WORD 
HOLDING REGISTER 


OVER RUN 


RESET DATA 
AVAILABLE 





RECEIVER SHIFT 


DESCRIPTION OF PIN FUNCTIONS 
































Error 


PINNO. SYMBOL NAME FUNCTION 
1 Vcc Power Supply +5 volt Supply 
2 NC No Connection —12 volt Supply 
3 GND Ground Ground 
4 RDE Received Data A low-level input enables the outputs (RD8-RD1) of the 
Enable receiver buffer register. 
5-12 RD8-RD1 Receiver Data These are the 8 tri-state data outputs enabled by RDE. 
Outputs Unused data output lines, as selected by NDB1 and NDB2, 
have a low-level output, and received characters are right 
justified, i.e. the LSB always appears on the RD1 output. 
13 RPE Receiver Parity This tri-state output (enabled by SWE) is at a high-level if 
Error the received character parity bit does not agree with the 
selected parity. 
14 RFE Receiver Framing This tri-state output (enabled by SWE) is at a high-level if 


the received character has no valid stop bit. 
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PIN NO. 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26-33 


34 


35 


SYMBOL 


ROR 


SWE 
RCP 
RDAR 


RDA 
RSI 
MR 


TBMT 


TEOC 


TSO 


TD1-TD8 


CS 


NPB 


DESCRIPTION OF PIN FUNCTIONS 


NAME 


Receiver Over 
Run — 


Status Word 
Enable 


Receiver Clock 


Receiver Data 
Available Reset 


Receiver Data 
Available 


Receiver Serial 
Input 


Master Reset 


Transmitter 
Buffer Empty 


Transmitter 


Data Strobe 


Transmitter End 
of Character 


Transmitter 
Serial Output 
Transmitter 
Data Inputs 


Control Strobe 


No Parity Bit: 





FUNCTION 


This tri-state output (enabled by SWE) is at a high-level if 

the previously received character is not read (RDA output 
not reset) before the present character is transferred into 

the receiver buffer register. 


A low-level input enables the outputs (RPE, RFE, ROR, 
RDA, and TBMT) of the status word buffer register. 


This input is a clock whose frequency is 16 times (16X) the 
desired receiver baud rate. 


A low-level input resets the RDA output to a low-level. 


This tri-state output (enabled by SWE) is at a high-level 
when an entire character has been received and transferred 
into the receiver buffer register. 


This input accepts the serial bit input stream. A high-level 
(mark) to low-level (space) transition is required to initiate 
data reception. 


This input should be pulsed to a high-level after power 
turn-on. This sets TSO, TEOC, and TBMT to a high-level 
and resets RDA, RPE, RFE and ROR to a low-level. 


This tri-state output (enabled by SWE).is at a high-level 
when the transmitter buffer register may be loaded with 
new data. 


A low-level input strobe enters the data bits into the 
transmitter buffer register. 


This output appears as ahigh-leveleachtimea full character 
is transmitted. It remains at this level until the start of 
transmission of the next character or for one-half of a TCP 
period in the case of continuous transmission. 


This output serially provides the entire transmitted 
character. TSO remains at a high-level when no data is 
being transmitted. 


There are 8 data input lines (strobed by TDS) available. 
Unused data input lines, as selected by NDB1 and NDB2, 
may be in either logic state. The LSB should always be 
placed on TDi. 


A high-level input enters the control bits (NDB1, NDB2, 
NSB, POE and NPB) into the control bits holding register. 
This line may be strobed or hard wired to a high-level. 


A high-level input eliminates the parity bit from being 
transmitted; the stop bit(s) immediately follow the last data 
bit. In addition, the receiver requires the stop bit(s) to follow 
immediately after the last data bit. Also, the RPE output is 
forced to a low-level. See pin 39, POE. 
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DESCRIPTION OF PIN FUNCTION 








PINNO. |. SYMBOL NAME FUNCTION 
36 ' NSB Number of This input selects the number of stop bits. A low-level input 





Stop Bits selects 1 stop bit; a high-level input selects 2 stop bits. 
Selection of 2 stop bits when programming a 5 data bit word 
generates 1.5 stop bits from the COM 2017. 














37-38 NDB2, Number of Data These 2 inputs are internally decoded to select either 5, 6, 7, 
NDB1 Bits/Character or 8 data bits/character as per the following truth table: 
NDB2 NDB1 data bits/character 
L L 
L H 6 
H L 7 
H H 8 
39 POE Odd/Even Parity The logic level on this input, in conjunction with the NPB 
Select input, determines the parity mode for both the receiver and 
transmitter, as per the following truth table: 
NPB POE MODE 
L L odd parity 
L H even parity 
H xX no parity 
X =don't care 
40 TCP Transmitter This input is a clock whose frequency is 16 times (16X) the 
Clock desired transmitter baud rate. 


TRANSMITTER TIMING —8 BIT, PARITY, 2 STOP BITS 


TBMT | | | 
TsO | START|DATA1] «+++ [DATAS|PARITY|STOP 1 STOP 2| START 
Bit }~— 
TEOC | me ; | 
TRANSMITTER START-UP 
Top [reel ae ee ey 
1/16 
TOS | i Bt { 
tso. | | 
s 


Upon data transmission initiation, or when not transmitting at 100% tine utilization, the start bit will be placed 


on the TSO line at the high to low transition of the TCP clock following the trailing edge of TOS. 


RECEIVER TIMING —8 BIT, PARITY, 2 STOP BITS. | 


RSI , | START [DATA Ty eeeee [DATA afParity| STOP 1 STOP 2|start 


CENTER BIT 
SAMPLE 

i —>| k— 1/16 Bit time 
RDA me eee ee nr ee ae 






RDA** 


“The RDA line was previously not reset (ROR = high-level). 
**The RDA line was previously reset (ROR = low-level). 


START BIT DETECT/VERIFY 


M Begin verify pre Begin verify. 
RSI | | 
Ss 


If the RSI line remains spacing for a 1/2 bit time, a genuine start bit is verified. Should the tine return toa 
marking conaition prior to a 1/2 bit time, the start bit verification process begins again. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ........ ccc ccc cece cece cee e etree eee ee teres eenneere 0°C to +70°C 
Storage Temperature Range ......... cc cece cece cette eee entree eens eee eseees —55°C to +150°C 
Lead Temperature (soldering, 10 S€C.) 0.0... eee cee ccc eee eee e ee eee eee eee n eee eeeees +325°C 
Positive Voltage On any PIN, VCC 2... eee cee cece eee eee renee nett eee eee reece eee nt eeee +0.3V 
Negative Voltage on any PIN, VCC 2... ccc eee cee eee eee e rete een eee e renee ene e eee teres —25V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


ELECTRICAL CHARACTERISTICS (Ta = 0°C to 70°C Vcc = +5V +5%, Vop = —12V 5%, unless otherwise noted) 


Parameter Min. Typ. Max. Unit Conditions 
D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 
Low-level, Vit Vop 0.8 V 
High-level, Vin Vcc-1.5 Vcc V 
OUTPUT VOLTAGE LEVELS 
Low-level, Vou : 0.2 0.4 V loc=1.6mA 
High-level, Vou 2.4 4.0 V lon = 100uA 
INPUT CURRENT 
Low-level, lit 1.6 mA see note 4 
OUTPUT CURRENT eer eees 
Leakage, Ito —1 HA SWE=RDE=Vin,05 VouTts +5V 
Short circuit, los** 10 mA Vout =0V 
INPUT CAPACITANCE 
All inputs, Cin 5 10 pf Vin=Vcc, f= 1MHz 
OUTPUT CAPACITANCE a ees 
Ail outputs, Court 10 20 pf SWE=RDE= Vin, f=1MHz 
POWER SUPPLY CURRENT 
Icc 28 mA_ All outputs = Vou, All inputs = Vcc 
Ip 28 mA 
A.C. CHARACTERISTICS Ta = +25°C 
CLOCK FREQUENCY 
(COM2502, COM2017) DC 400 KHz RCP, TCP 
PULSE WIDTH 
Clock 1 us RCP, TCP 
Master reset 500 ns MR 
Control strobe 200 ns CS_ 
Transmitter data strobe 200 ns TDS 
Receiver data available reset 200 . ns RDAR 
INPUT SET-UP TIME 
Data bits 20 ns TD1-TD8 
Control bits =0 ns NPB, NSB, NDB2, NDB1, POE 
INPUT HOLD TIME 
Data bits 20 ns TD1-TD8& 
Control bits 20 ns NPB, NSB, NDB2, NDB1, POE 
STROBE TO OUTPUT DELAY Load = 20pf +1 TTL input 
Receive data enable 350 ns’ RODE: Tpo1, Tepo 
Status word enable 350 ns SWE: Teo1, Tepo 
OUTPUT DISABLE DELAY 350 ns RDE,SWE 


**Not more than one output should be shorted at a time. 


NOTES: 1. If the transmitter is inactive (TEOC and TBMT are ata high-level) the start bit will appear on the TSO line within 
one clock period (TCP) after the trailing edge of TDS. ° 


2. The start bit (mark to space transition) will always be detected within one clock period of RCP, guaranteeing 
a maximum start bit slippage of 1/16th of a bit time. 


3. The tri-state output has3 states: 1) lowimpedancetoVcc 2)lowimpedancetoGND 3)highimpedance OFF= 
10M ohms. The “OFF” state is controlled by the SWE and inputs. 


4. Under steady state conditions no current flows for TTL or MOS interfacing. (COM 2502) 
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DATA/CONTROL TIMING DIAGRAM 


VIH 
Vit 


TSET-UP 


VIH 


DATA INPUTS Vit 


tr=tf=20ns 
TseT-uP 20 
THOLD =O 


ViH 
ViL 


TSET-UP THOLD 


cs 


VIH 


CONTROL INPUTS 
VIL 


*Input information (Data/Control) need only be valid during 
the last Tew, min time of the input strobes (TDS, CS). 


OUTPUT TIMING DIAGRAM 


Qutputs Disabled 


(RD1-RD8, RDA, 
RPE, ROR, RFE, TBMT) 


TPd1, TPDO 


NOTE: Waveform drawings not to scale for clarity. 
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© SECTION I 





FLOW CHART—TRANSMITTER 


1, TURN POWER ON 
2. PULSE EXTERNAL RESET 
3. SELECT BAUD RATE—16 x CLK 


TBMT =1 
£0C =1 
SO = 1 (STOP BIT) 


SET CONTROL BITS—PULSE CS 
SET DATA BITS 


ae. 
TOS BEEN 


PULSED 
? 


IS 
TRANSMITTER 
SHIFT REGISTER 
EMPTY ? 
(EOC = 1) 


1. LOAD TRANSMITTER SHIFT REGISTER 
2. SO=0(START BIT) 
3. EOC =0 


HAS 
1 BIT TIME 
ELAPSED ? 
(16 - 16 x CLK) 


SHIFT 1 BIT RIGHT IN THE 
TRANSMITTER SHIFT REGISTER 


TRANSMIT START BIT, OATA 
BITS, SELECTED PARITY MODE, 
AND STOP BIT(S) 


HAS 
THE LAST 
STOP BIT BEEN ON THE 
LINE FOR 1 BIT 
TIME ? 


ARE 
THERE NEW 
CONTROL BITS 
2 


FLOW CHART— RECEIVER 


1. TURN POWER ON 

2. PULSE EXTERNAL RESET 

3. SELECT BAUD RATE—16x CLK 
4. SET CONTROL SITS 


HAS 
THE LINE 
TRANSITIONED 
FROM MARKING TO 
SPACING 
? 


HAS 
A START 
BIT BEEN VERIFIED 
? 


8-16 x CLK 


YES 
LOAD START BIT INTO 
RECEIVER SHIFT REGISTER . 


HAS 
1 BIT TIME 
ELAPSED ? 
16 - 16 x CLK 


YES 


SHIFT AND LOAD DATA BIT INTO 
RECEIVER SHIFT REGISTER 


HAS THE 
SELECTED NUMBER 
OF DATA BITS BEEN 

RECEIVED 
? 


ae 
1 BIT TIME 


ELAPSED 


HAS 
SET PARITY THE PROPER YES | SET PARITY 
ERAOR REGISTER PARITY BIT BEEN ERROR REGISTER 
TO! RECEIVED TOO 


ae 
1 BIT TIME 


ELAPSED 


SET FRAMING WETOR BIT YES | SET FRAMING 


ERROR REGISTER ERAOR REGISTER 
TO1 BEEN see Too 


SET OVER-RUN YES SET OVER-RUN 
REGISTER REGISTER 
TO1 TOO 


TRANSFER DATA BITS FROM SHIFT REGISTER 
TO DATA BITS HOLDING REGISTER 


EXAMINE OUTPUTS ~ 
1. STROBE STATUS WORD ENABLE 
2. STROBE DATA ENABLE 


RESET DATA AVAILABLE — DA=0 





STANDARD MICROSYSTEMS 
<—<oe 


(516) 273-3100 TWX- 510-227-8898 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions: consequently complete information sufficient for construction purposes is not necessarily given. The 
inforr-ation has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assun >d for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
device ; described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any t.me in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION 


Aion, UT aia AT Rt te 


PaaS NS 


COW 2449-1 
COM 2449-2 
COM 2449-3 


LPC FAMILY 


 RS-449 
Programmable Communications 
Interface 


FEATURES 


CJ RS-449 compatible inputs and outputs 
C] Maskable Interrupts for RS-449 inputs 
CL] Synchronous and Asynchronous Full Duplex or 
Half Duplex Operations 
CL] Re-programmable ROM on-chip baud 
rate generator 
L] Synchronous Mode Capabilities 
— Selectable 5 to 8-Bit Characters 
— Selectable 1 or 2 SYNC Characters 
— Internal or External Character Synchronization 
—Transparent or Non-Transparent Mode 
— Transparent mode DLE stuffing (Tx) 
and detection (Rx) 
— Automatic SYNC or DLE-SYNC Insertion 
—SYNC, DLE and DLE-SYNC stripping 
— Odd, Even, or No Parity 
— Local or remote maintenance loop back mode 
LJ Asynchronous Mode Capabilities 
— Selectable 5 to 8-Bit Characters plus parity 
—3 Selectable Clock Rates (1X, 16X, 64X the 
Baud Rate) 
—Line Break Detection and Generation 
— 1, 1%, or 2-Stop Bit Detection and Generation 
— False Start Bit Detection 
— Odd, Even, or No Parity 
— Parity, Overrun, and framing error detect 
— Local or remote maintenance loop back mode 
— Automatic serial echo mode (echoplex) 
L) Baud Rates - 
—DC to 1.0M Baud (Synchronous) 
—DC to 1.0M Baud (1X, Asynchronous) 





PIN CONFIGURATION 


DO 
D1 
RxD 
GND 
D2 
D3 
D4 
DS 
D6 
D7 
1c 


™ 
sa 


.  A2 
TxC/XSYNC 
CE 
Al 
58 


PACKAGE: 40-Pin D.I.P. 


—DC to 62.5K Baud (16X, Asynchronous) 
—DC to 15.625K Baud (64X, Asynchronous) 


L] Double Buffering of Data 

[] RxC and TxC pins are short circuit protected 
CJ Internal or External Baud Rate Clock 

C13 baud rate sets (2449-1, -2, -3) 

L) 16 internal rates for each version 

LC) Single +5 volt Power Supply 

LJ TTL Compatible 

[LJ No System Clock Required 


GENERAL DESCRIPTION 


The COM 2449 is an MOS/LSI device fabricated 
using SMC’s patented COPLAMOS® technology. 
It is equivalent to the COM 2661 with the addi- 
tional features required to create the interface to 
an RS-449 compatible modem. Six new outputs 
are added to implement the RS-449 signals sent 
to the Data Communications Equipment (DCE) 
and five new signals are added to receive the 
RS-449 status signals from the DCE. A second 
status register and an output register have been 
added to allow a processor full control of the addi- 
tional I/O pins. The COM 2449 contains a baud 
rate generator which can be programmed to either 
accept an external clock or to generate internal 
transmit or receive clocks. Sixteen different baud 
rates can be selected under program control when 
operating in the internal clock mode. Each version 
of the COM 2449 (-1, -2, -3) has a different set of 
baud rates. Custom baud rates can be ROM repro- 
grammed to accommodate different baud rates 
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and different starting frequencies. 


The COM 2449 is a Universal Synchronous/ 
Asynchronous Receiver/Transmitter (USART) 
designed for microcomputer system data com- 
munications. The USART is used as a peripheral 
and is programmed by the processor to com- 
municate in commonly used asynchronous and 
synchronous serial data transmission techniques 
including IBM Bi-Sync. The USART receives serial 
data streams and converts them into parallel data 
characters for the processor. While receiving serial 
data, the USART will also accept data characters 
from the processor in parallel format, convert them 
to serial format and transmit. The USART will sig- 
nal the processor when it has completely received 
or transmitted a character and requires service. 
Complete USART status including data format 
errors and control signals is available to the 
processor at any time. 





DATA BUS DATA BUS 
66:07 BUFFER | 


OPERATION CONTROL 


MODE REGISTER 1 
MODE REGISTER 2 
COMMAND REGISTER 


STATUS REGISTER 1 
STATUS REGISTER 2 
OUTPUT REGISTER 





ROM 
RE-PROGRAMMABLE 
BAUD RATE 


GENERATOR 
AND 
CLOCK CONTROL 


MODEM 
CONTROL 


SYN/OLE CONTROL 


SYN 1 REGISTER 
SYN 2 REGISTER 
DLE REGISTER 


TRANSMITTER 


TRANSMIT DATA 
HOLDING REGISTER 
TRANSMIT 
SHIFT REGISTER 


RECEIVER 


RECEIVE DATA 
HOLDING REGISTER 
RECEIVE 
SHIFT REGISTER 


COM 2449 ORGANIZATION 


The COM 2449 is organized into 6 major sections. 
Communication between each section is achieved via 
an internal data and control bus. The data bus buffer 
allows a processor access to all internal registers on the 
COM 2449. The COM 2449 is a COM 2661 with 5 new 
inputs (readable by the processor from STATUS 
REGISTER 2) and 6 new outputs (written by the pro- 
cessor via the OUTPUT REGISTER). Each of the 5 new 
inputs can cause an interrupt condition on the COM 
2449. The ability to enable these conditions for inter- 
rupt handling is provided. Table 1 outlines the dif- 
ferences between the COM 2661 and the COM 2449. 
It should be noted that the COM 2449 can be viewed as 
a general purpose communications interface device 
with general purpose !/O pins to allow setting output 
controls and interrogation of input status. This addi- 
tional I/O capability, although added to allow RS-449 
compatibility, can ease the interface to any com- 
munications discipline. 


Operation Control 


This functional block stores configuration and opera- 
tion commands from the processor and generates appro- 
priate signals to various internal sections to control the 
overall device operation. It contains read and write cir- 
cuits to permit communications with a processor via the 
data bus and contains Mode Registers 1 and 2, the 
Command Register, the two Status Registers, and the 
Output Register. Details of register addressing and 
protocol are presented in the COM 2449 program- 
ming section of this specification. 
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Timing 

The COM 2449 contains a Baud Rate Generator (BRG) 
which is programmable ‘to accept external transmit or 
receive clocks or to divide an external clock to perform 
data communications. The unit can generate 16 com- 
monly used baud rates, any one of which can be selected 
for full duplex operation. Tables 2a, b, and c illustrate all 
available baud rates. 


Receiver 


The Receiver accepts serial data on the RxD pin, con- 
verts this serial input to parallel format, checks for bits 
or characters that are unique to the communication 
technique and stores the “assembled” character in the 
receive data holding register until read by the processor. 


Transmitter 


The Transmitter accepts parallel data from the processor, 
converts it to a serial bit stream, inserts the appropriate 
characters or bits (based on the communication tech- 
nique) and outputs a composite serial stream of data on 
the TxD output pin. 


Modem Control 


The modem control provides three output signals and 
accepts three input signals used for “handshaking” and 
status indication between the COM 2449 and a modem. 
Five signals to and from the modem control are given 
names that are in accordance with the RS-449 specifica- 
tion. The signals, however, have an identical function 
to the corresponding COM 2661 RS-232 compatible 
signals and this correspondence is shown in Table 1. 


SYN/DLE Control Interface Signals 

This section contains control circuitry and three 8-bit The COM 2449 interface signals can be grouped into 
registers storing the SYN1, SYN2, and DLE characters two types: the processor-related signals (Shown in Table 
provided by the processor. These registers are used in 3) which interface the COM 2449 to the processor, and 
the synchronous mode of operation to provide the the device-related signals (shown in Table 4), which are 
characters required for synchronization, idle fill and used to interface to the communications equipment. 
data transparency. 


DESCRIPTION OF PIN FUNCTIONS 
TABLE 3—PROCESSOR RELATED SIGNALS 








NAME SYMBOL FUNCTION 


Data D7-D0_ | Bidirectional; 8 bit, three state data bus used to transfer commands, data and status 
between the COM 2449 and a processor. DO is the least significant bit; D7 is the most 
significant bit. 























14,17,20 | Address A2, A1, AO| Input; Address lines used to select COM 2449 registers. 











16 Chip Enable CE Input; when this signal is low, the operation specified by the R/W, A2, A1 and AO will 
be performed. When this input is high, D7-0 are in the high impedance state. 











21 Read/Write R/W Input; Processor read/write direction control. This signal defines the direction of the 
data bus D7-0 when the COM 2449 is selected. D7-0 drives out (read) when this signal 
is low and accepts data input when this signal is high. The input only has meaning 
when the CE input is active. 





Receiver Ready RxRDY | Output; This signal is the complement of Status Register 1, bit 1 (SR11). When low, it 
indicates that the Receive Data Holding Register (RHR) has acharacter ready forinput 
to the processor. It goes high when the RHR is read by the processor, and also when 
the receiver is disabled. It is an open drain output which can be used as an interrupt 
to the processor. 











23 Transmitter TxRDY | Output; This signal is the complement of Status Register 1, bitO (SR10). When low, it 

Ready indicates that the Transmit Data Holding Register (THR) is ready to accept a data 
character from the processor. Itgoes high when the data character is loaded. This output 
is valid only when the transmitter is enabled. It is an open drain output which can be 
used as an interrupt to the processor. 











25 Transmitter TxEMT/ | Output; This signal is the complement of Status Register 1, bit 2 (SR12). When low, it 
empty/data DSCHG | indicates that the transmitter has completed serialization of the last character loaded 
set change . by the processor, or that a change of state of the DM or RR inputs has occurred. This 


signal also goes low if the SI, SB, SQ, TM or IC experience a change of state if the 
corresponding input is enable for interrupt. Interrupt enable bits are located in the3 
most significant bits of Status Register 2 (SR2). This output goes high when Status 
Register 1 is read by the processor, if the TxEMT condition does not exist. Otherwise, 
the THR must be loaded by the processor for this line to go high. It isan open 

drain output which can be used as an interrupt to the processor. 






































28 Reset | RESET | Input; A high on this input performs a master reset on the COM 2449. This signal 
- | asynchronously terminates any device activity and clears the Mode, Command and 
Status registers. The device assumes the idle state and remains there until initialized 
with the appropriate contro! words. 
33 Supply Voltage Voc +5 volt supply. 
4 Ground GND Ground. 














TABLE 4— DEVICE RELATED SIGNALS 








FUNCTION 








Input: Serial data to the receiver. “Mark” is high, “space” is low. 



















Input: This general purpose signal can be used for “incoming call” status from the 
DCE. Its complement appears in Status Register 2 bit 0 (SR20). When this input is 
enabled for interrupt via Status Register 2 bit 5 (SR25), a change in its state will 
cause a low output on TXEMT/DSCHG. 











Input: This general purpose signal can be used for “test mode” status from the DCE. 
Its complement appears in Status Register 2 bit 1 (SR21). When this input is enabled 
for interrupt via Status Register 2, bit 6 (SR26) a change in its state will cause a low 
output on TXEMT/DSCHG 


Input: This general purpose signal can be used for “signal quality” status from the DCE. 
Its complement appears in Status Register 2 bit 2 (SR22). When this input is enabled 
for interrupt via Status Register 2 bit 7 (SR27) a change in its state will cause a low out- 
put on TXEMT/DSCHG. 
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TABLE 4— DEVICE RELATED SIGNALS (Cont’d) © 


NAME SYMBOL FUNCTION 


Transmitter TxC/ Input or Output: If the external transmitter clock is programmed, this input controls 
Clock/External XSYNC | the rate at which the character is transmitted. Its frequency is 1X, 16X, or 64X the 


5 


Sync baud rate as programmed by mode Register 1. The transmitted data changes on the 
falling edge of the clock. If the internal transmitter clock is programmed, this pin can 


be a 1X/16X clock output or an externa! jam synchronization input. 


| ale 











18 Standby SB Input: This general purpose signal can be used for “standby indicator” status from 
Indicator the DCE. Its complement appears in Status Register 2 bit 3 (SR23). When this input is 
enabled for interrupt via Status Register 2 bit 7 (SR27), a change in its state will cause 
a low output on TXEMT/DSCHG. 
19 Signalling Rate Ss! Input: This general purpose signal can be used for “signalling rate indicator” status 


Indicator from the DCE. Its complement appears in Status Register 2 bit 4 (SR24). When this 


input is enabled for interrupt via Status Register 2 bit 7 (SR27), a change in its state 
will cause a low output on TXEMT/DSCHG. 


Clear to Send Input: This signa! must be low in order for the transmitter to function. If it goes high 
during transmission, the character in the Transmit Shift Register will be transmitted 
before termination. 

Transmit Data Output: Serial data from the transmitter. “Mark” is high, “Space” is low. This signal is 
held in the “Mark” condition when the transmitter is disabled. 

Baud Rate Clock | BRCLK | Input: Clock input to the internal baud rate generator (See Tables 2a, b, andc); not 
required if the external receiver and transmitter clocks are used. 


Data Mode Input: This general purpose signa! can be used for Data Mode, Data Set Ready or Ring 
Indicator condition. Its complement appears as Status Register 1 bit 7 (SR17). DM 
Request to Send i 


causes a low output on TXEMT/DSCHG when its state changes if CR2 or CRO=1. 
31 Terminal Ready . 


Receive Clock/ 
Break Detect 













Output: This general purpose signal is the complement of the Command Register 
bit 5 (CRS). It is normally used to indicate Request to Send. If the Transmit Shift 
Register is not empty when CR3 is reset (1 to 0), then RS will go high on TxC time 
after the last serial bit is transmitted. 





Output: This general purpose signal is the complement of the Command Register 
bit 1 (CR1). It is normally used to indicate Terminal Ready. 


Input or Output: If the external receiver clock is programmed, this input controls the 
rate at which the character is to be received. Its frequency is 1X, 16X, or 64X the Baud 
rate as programmed by Mode Register 1. Data are sampled on the rising edge of the 
clock. If internal receiver clock is programmed, this pin can be a 1X/16X clock ora 
break detect output. 


| se] s 
ie) 


Receiver Ready Input: This signal must be low in order forthe receiver to function. The complement 
appears in Status Register 1 bit 6 (SR16). RR causes alow output on TXEMT/DSCHG 
when its state changes if CR2 or CRO=1. If RR goes high while receiving, the RxC is 


internally inhibited. 





8 
> 














35 New Signal NS Output: This signal is used to tell the DCE that a new line signal at the DTE 
has occurred. This output will go to its low active state when the Output Register, 
bit 0 (ORO) is set to a logic 1. This output will go to its high inactive state when the 
Output Register bit 0 (ORO) is set to a logic 0 and the RR input goes high. 

36 Local Loopback TL Output: This general purpose signal can be used to inform the DCE ofa “local 
loopback” test condition. It is the complement of Output Register bit 1 (OR1) 
which has direct control over the state of this output. 

37 Remote RL Output: This general purpose signal can be used to inform the DCE ofa “remote 

Loopback loopback” test condition. It is the complement of Output Register bit 2 (OR2) 
which has direct contro! over the state of this output. 

38 Select Standby ss Output: This general purpose signal can be used to select the normal or standby 

communication facilities of the DCE. It is the complement of Output Register bit 3 
(OR3) which has direct control over the state of this output. 
39 Select SF/SR Output: This general purpose signal can be used as a combined “Select Frequency” 
Frequency/ and “Signal Rate Select”. It is the complement of Output Register bit 4 (OR4) 
Signal Rate which has direct control over the state of this output. 
Select 
40 Terminal in is Output: This general purpose signal can be used to inform the DCE ofa 
Service “Terminal in Service” condition. It is the complement of Output Register bit 5 
(ORS) which has direct control over the state of this output. 
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Table 1 COM 2449 vs. COM 2661 


1/0 SIGNAL NAME 
NEW INPUTS NEW OUTPUTS EQUIVALENTS 
Name Symbol Name COM 2449 COM 2661 


signal quality 
SF/SR 


local loopback 
indicator 


tc 
standby select Re remote loopback | RS ATS | 
SS ___ standby select 


DM DSR 
RR DCD 
select frequency/ 
signal rate select 
signaling rate TR DTR 
RS RTS 


Table 2b BAUD RATE GENERATOR CHARACTERISTICS 
2449-2 (BRCLK =4.9152MHz) af 





S$ 


Table 2a BAUD RATE GENERATOR CHARACTERISTICS 
2449-1 (BRCLK =4.9152MHz) 
ACTUAL 


FREQUENCY 
16X CLOCK 








PERCENT 


ERROR DIVISOR 





Table 2c: BAUD RATE CHARACTERISTICS 
2449-3 (BRCLK=5.0688MHz) 





ACTUAL 
FREQUENCY 
16X CLOCK 


PERCENT 
DIVISOR 


pli TISer ttt 





ACTUAL 
FREQUENCY 
16X CLOCK : 


PERCENT 


MR23-20 ERROR DIVISOR 





‘ ° ° 
sellittigtittirettl 
@ o 


wo 
oa 





NOTE: 
16X clock is used in asynchronous mode. In synchronous mode, clock multiplier is 1X and 
BRG can be used only for TxC. 





COM 2449 OPERATION 


The functional operation of the COM 2449 is programmed 
by a set of control words supplied by the processor. 
These control words specify items such as synchronous 
or asynchronous mode, baud rate, number of bits per 
character, etc. The programming procedure is described 
in the COM 2449 Programming section of this data sheet. 


After programming, the COM 2449 is ready to perform 
the desired communications functions. The receiver 
performs serial to parallel conversion of data received 
from a modem or equivalent device. The transmitter 
converts parallel data received from the processor to a 
serial bit stream. These actions are accomplished within 
the framework specified by the control words. 


Receiver 


The COM 2449 is conditioned to receive data when the 
RR input is low and the RxEN bit in the command 
register is true. In the asynchronous mode, the receiver 
looks for a high to low (mark to space) transition of the 
start bit on the RxD input line. If a transition is detected, 
the state of the RxD line is sampled again after a delay of 
one-half of a bit time. If RxD is now high, the search for 
a valid start bit is begun again. If RxD is still low, a valid 
start bit is assumed and the receiver continues to sample 
the input line at one bit time intervals until the proper 
number of data bits, the parity bit, and one stop bit have 
been assembled. The data is then transferred to the 
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COM 2449 INITIALIZATION FLOW CHART 


INITIAL RESET 


LOAD 
MODE REGISTER 1 
NOTE 
LOAD Mode Register 1 must be written 
MODE REGISTER 2. | before 2 can be written. Mode Register 2 


need not be programmed if external 
clocks are used. 
NOTE 


SYN1 Register must be written 


Y 
LOAD before SYN2 can be written, and 
SYN 1 REGISTER SYN2 before DLE can be written. 
DOUBLE x 


SYN 2 REGISTER 


TRANSPARENT 
MODE? 


TRANSPARENT 
MODE? 


LOAD 
DLE REGISTER. 


LOAD 
COMMAND REGISTER 


Pres = ee teehee | 


l OPERATE | 


| oe ames ome onl 


RECONFIGURE? 


Y 


DISABLE RECEIVER 
AND TRANSMITTER 





Receive Data Holding Register, the RxRDY bit in the 
status register is set, and the RxRDY output is asserted. 
If the character length is less than 8 bits, the high order 
unused bits in the Holding Register are set to zero. The 
Parity Error, Framing Error, and Overrun Error status 
bits are strobed into the status register on the positive 
going edge of RxC corresponding to the received char- 
acter boundary. If the stop bit is present, the receiver will 
immediately begin its search for the next start bit. If the 
stop bit is absent (framing error), the receiver will inter- 
pret a space as a start bit if it persists into the next bit 
time interval. If a break condition is detected (RxD is 
low for the entire character as well as the stop bit), only 
one character consisting of all zeros (with the Framing 
error status bit set) will be transferred to the Holding 
Register. The RxD input must return to a high condition 
before a search for the next start bit begins. 


Pin 25 can be programmed to be a break detect output 
by appropriate setting of MR27-MR24. If so, a detected 
break will cause that pin to go high. When RxD returns to 
mark for one RxC time, pin 25 will go low. Refer to the 
break detection timing diagram. 


When the COM 2449 is initialized into the synchronous 
mode, the receiver first enters the hunt mode on a0 to 1 
transition of RXEN (CR2). In this mode, as data is shifted 
into the Receiver Shift Register a bit at a time, the con- 
tents of the register are compared to the contents of the 
SYN1 register. If the two are not equal, the next bit is 
shifted in and the comparison is repeated. When the two 
registers match, the hunt mode is terminated and char- 
acter assembly begins. If the single SYN operation is 
programmed, the SYN DETECT status bit is set. If double 
SYN operation is programmed, the first character assem- 
bled after SYN1 must be SYN2 in order for the SYN 
DETECT bit to be set. Otherwise, the COM 2449 returns 
to the hunt mode. (Note that the sequence SYN1-SYN1- 
SYN2 will not achieve synchronization). When syn- 
chronization has been achieved, the COM 2449 con- 
tinues to assemble characters and transfers them to the 
Holding Register. The RxRDY status bit is set and the 
RxRDY output is asserted each time a character is assem- 
bled and transferred to the Holding Register. The Overrun 
error (OE) and Parity error (PE) status bits are set as 
appropriate. Further receipt of the proper SYN sequence 
sets the SYN DETECT status bit. If the SYN stripping 
mode is commanded, SYN characters are not trans- 
ferred to the Holding Register. Note that the SYN char- 
acters used to establish initial synchronization are not 
transferred to the Holding Register in any case. 


External jam synchronization can be achieved via pin 15 
by appropriate setting of MR27-MR24. When pin 15 is an 
XSYNC input, the internal SYN1, SYN1-SYN2, and DLE- 
SYN1 detection is disabled. Each positive going signal 
on XSYNC will cause the receiver to establish synchro- 
nization on the rising edge of the next RxC pulse. 
Character assembly will start with the RxD input at this 
edge. XSYNC may be lowered on the next rising edge of 
RxC. This external synchronization will cause the SYN 
DETECT status bit to be set until the status register is 
read. Refer to XSYNC timing diagram. 





Transmitter . 

The COM 2449 is conditioned to transmit data when the 
CS input is low and the TxEN command register bit is 
set. The COM 2449 indicates to the processor that it can 
accept a character for transmission by setting the 
TxRDY status bit and asserting the TxRDY output. When 
the processor writes a character into the Transmit Data 
Holding Register, the TxRDY status bit is reset and the 
TxRDY output is returned to a high (false) state. Data 
is transferred from the Holding Register to the Transmit 
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Shift Register when it is idle or has completed trans- 
mission of the previous character. The TxRDY condi- 
tions are then asserted again. Thus, one full character 
time of buffering is provided. 


In the asynchronous mode, the transmitter automatically 
sends a Start bit followed by the programmed number 
of data bits, the least significant bit being sent first. It then 
appends an optional odd or even parity bit and the pro- 
grammed number of stop bits. If, following transmission 
of the data bits, a new character is not available in the 
Transmit Holding Register, the TxD output remains in 
the marking (high) condition and the TxEMT/DSCHG 
output and its corresponding status bit are asserted. 
Transmission resumes when the processor loads a new 
character into the Holding Register. The transmitter can 
be forced to output a continuous low (BREAK) condi- 
tion by setting the Send Break command bit high. 


In the synchronous mode, when the COM 2449 is initially 
conditioned to transmit, the TxD output remains high and- 
the TxRDY condition is asserted until the first character to 
be transmitted (usually a SYN character) is loaded by the 
processor. Subsequent to this, a continuous stream of 
characters is transmitted. No extra bits (other than parity, 

if commanded) are generated by the COM 2449 unless the 

processor fails to send a new character to the COM 2449 

by the time the transmitter has completed sending the 
previous character. Since synchronous communication 

does not allow gaps between characters, the COM 2449 
asserts TxEMT and automatically “fills” the gap by 
transmitting SYN1s, SYN1-SYN2 doublets, or DLE-SYN1 

doublets, depending on the state of MR16 and MR17. 

Normal transmission of the message resumes when anew 
character is available in the Transmit Data Holding 

Register. If the SEND DLE bit in the command register is 
true, the DLE character is automatically transmitted 

prior to transmission of the message character in the 

transmit holding register. 


COM 2449 PROGRAMMING 


Prior to initiating data communications, the COM 2449 
operational mode must be programmed by performing 
write operations to the mode and command registers. 
In addition, if synchronous operation is programmed, 
the appropriate SYN/DLE registers must be loaded. The 
COM 2449 can be reconfigured at any time during pro- 
gram execution. A flow chart of the initialization process 
appears in Figure 1. 


The internal registers of the COM 2449 are accessed by 
applying specific signals to the CE, R/W, A2, A1 and AO 
inputs. The conditions necessary to address each register 
are shown in Table 5. 





TABLE 5—COM 2449 REGISTER ADDRESSING 


fete [a [a [aw] mncron 


Tri-state data bus 
Read receive holding register 
Write transmit holding register 
Read status register 1 

Write SYN1/SYN2/DLE registers 
Read mode registers 1 and 2 
Write mode registers 1 and 2 
Read command register 

Write command register 

Read output register 
Write output register 
Read status register 2 
Write status register 2 
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NOTE 
See AC Characteristics section for timing requirements. 





The SYN1, SYN2, and DLE registers are accessed by 
performing write o op auone with the conditions A2=0, 
A1i=0, A0=1, and R/W=1. The first operation loads the 
SYN1 register. The next loads the SYN2 register, and the 
third loads the DLE register. Reading or loading the 
mode registers is done in a similar manner. The first 
write (or read) operation addresses Mode Register 1, 
and a subsequent operation addresses Mode Register 2. 
If more than the required number of accesses are made, 
the internal sequencer recycles to point at the first 
register. The pointers are reset to SYN1 Register and 


Mode Register 1 by a RESET input or by performing a 
“Read Command Register” operation, but are unaffected 
by any other read or write operation. 


The COM 2449 register formats are summarized in 
Tables 6, 7, 8, 9, 10 and 11. Mode Registers 1 and 2 define 
the general operational characteristics of the COM 2449, 
while the Command Register controls the operation 
within this basic framework. The COM 2449 indicates its 
status in the two Status Registers. The status registers are 
cleared when a RESET input is applied. 





MODE REGISTER 1 (MR1) 


Table 6 illustrates Mode Register 1. Bits MR11 and MR10 
select the communication format and Baud rate multi- 
plier. 00 specifies synchronous mode and 1X multiplier. 
1X, 16X, and 64X multipliers are programmable for 
asynchronous format. However, the multiplier in asyn- 
chronous format applies only if the external clock input 
option is selected by MR24 or MR25. 


MR13 and MR12 select a character length of 5, 6, 7, or 8 
bits. The character length does not include the parity bit, 
if programmed, and does not include the start and stop 
bits in asynchronous mode. 


MR14 controls parity generation. If enabled, a parity bit 
is added to the transmitted character and the receiver 
performs a parity check on incoming data. MR15 selects 
odd or even parity when parity is enabled by MR14. 


In asynchronous mode, MR17 and MR16 select character 


framing of 1, 1.5, or 2 stop bits (if 1X baud rate is pro- 
grammed, 1.5, stop bits defaults to 1 stop bits on trans- 
mit). In synchronous mode, MR17 controls the number 
of SYN characters used to establish synchronization 
and for character fill when the transmitter is idle. SYN1 
alone is used if MR17=1, and SYN1-SYN2 is used when 
MR17=0. If the transparent mode is specified by MR16, 
DLE-SYN1 is used for character fill and SYN Detect, but 
the normal synchronization sequence is used. When 
transmitting, a DLE character in the transmit holding 
register will cause a second DLE character to be trans- 
mitted. This DLE stuffing eliminates the software DLE 
compare and stuff on each transparent mode data char- 
acter. If the send DLE command (CR3) is active when a 
DLE is loaded into THR, only one additional DLE will be 
transmitted. Also DLE stripping and DLE Detect (with 
MR14=0) are enabled. 


TABLE 6— MODE REGISTER 1 (MR1) 


Sync/Asyne Parity Type Parity Control Character Length Mode and Baud Rate Factor 


ASYNCH: STOP BIT LENGTH 
OO=INVALID 
01=1 STOP BIT 


10=1% STOP BITS 


11=2 STOP BITS 


SYNCH: NUMBER 
OF SYN CHAR 

O=DOUBLE SYN 

1=SINGLE SYN 


SYNCH: TRANS- 
PARENCY CONTROL 
0=NORMAL 
1=TRANSPARENT 


0=DISABLED 
1=ENABLED 





00=5 BITS 
01=6 BITS 
10=7 BITS 
11=8 BITS 


00=SYNCHRONOUS 1X RATE 
01=ASYNCHRONOUS 1X RATE 
10=ASYNCHRONOUS 16X RATE 
11=ASYNCHRONOUS 64X RATE 


NOTE Baud rate factor in asynchronous applies only if external clock is selected. Factor is 15X if 


internal clock is selected. Mode must be selected (MR11, MR10) in any case. 





MODE REGISTER 2 (MR2) 


Table 7 illustrates mode register 2 (MR23, MR22, MR21 
and MR20 control the frequency of the internal baud rate 
generator (BRG). Sixteen rates are selectable for each 
COM 2449 version (-1, -2, -3). Version 1 and 2 speci- 
fy a 4.9152 MHz TTL input at BRCLK (pin 20); version 
3 specifies a 5.0688 MHz input which is identical to the 


COM 2651 and COM 2661-3. MR23-20 are don’t cares if 
external clocks are selected (MR25-24=0). The indi- 
vidual rates are given in table 2a, b and c. 


MR24-MR27 select the receive and transmit clock source 
(either the BRG or an external input) and the function 
at pins 15 and 32. Refer to table 7. 


TABLE 7— MODE REGISTER 2 (MR2) 


MR-27-MR24 


RxC Pin15 Pin32 TxC 


E 
E 
I 
| 
E 
E 
I 
| 


--mm-—-mm 


NOTES 


1. When pin 15 is programmed as XSYNC input, SYN1, SYN1-SYN2, and DLE-SYN1 detection is disabled. 


RxC 


-m—-m—-m—mM 
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Mode Baud Rate Selection 


sync 
async 
sync 
async 
sync 

async 
sync 
async 


Pin 15 
XSYNC’ 


Pin 32 


RxC/TxC 
BKDET 
RxC 
BKDET 
RxC/TxC 
BKDET 
RxC 
BKDET 


See baud rates in table 2 


E=External clock 
!=Internal clock (BRG) 
1X and 16X are clock outputs 


COMMAND REGISTER (CR) 


Table 8 illustrates the Command Register. Bits CRO (TxEN) 
and CR2 (RxEN) enable or disable the transmitter and 
receiver respectively. A 0 to 1 transition of CR2 forces 
start bit search (async mode) or hunt mode (sync mode) 
on the second RxC rising edge. Disabling the receiver 
causes RxRDY to go high (inactive). If the transmitter is 
disabled, it will complete the transmission of the character 
in the Transmit Shift Register (if any) prior to terminat- 
ing operation. The TxD output_will then remain in the 
marking state (high while the TxRDY and TxEMT will 
go high (inactive). If the receiver is disabled, it will termi- 
nate operation immediately. Any character being assem- 
bled will be neglected. Bits CR1 (TR) and CR5 (RS) 
control the TR and RS outputs. Data at the outputs 
are the logical complement of the register data. 


In asynchronous mode, setting CR3 will force and hold 
the TxD output low (spacing condition) at the end of the 
current transmitted character. Normal operation resumes 
when CR3 is cleared. The TxD line will go high for at least 
one bit time before beginning transmission of the next 
character in the Transmit Data Holding Register. In syn- 
chronous mode, setting CR3 causes the transmission 
of the DLE register contents prior to sending the char- 
acter in the Transmit Data Holding Register. Since this is 
a one time command, CR3 does not have to be reset by 
software. CR3 should be set when entering and exiting 
transparent mode and for all DLE—non-DLE char- 
acter sequences. 


Setting CR4 causes the error flags in the Status Register 1 
(SR13, SR14, and SR15) to be cleared. This is a one time 
command. There is no internal latch for this bit. When 
CR5 (RS) is set, the RS pin is forced low and the trans- 
mit serial logic is enabled. A 1 to 0 transition of CR5 will 
cause RS to go high (inactive) one TxC time after the 
last serial bit has been transmitted (if the transmit shift 
register was not empty). 


The COM 2449 can operate in one of four sub-modes 
within each major mode (synchronous or asynchronous). 
The operational sub-mode is determined by CR7 and 
_CR6. CR7-CR6=00 is the normal mode, with the trans- 

mitter and receiver operating independently in accor- 
dance with the Mode and Status Register instructions. 


In asynchronous mode, CR7-CR6=01 places the COM 
2449 in the Automatic Echo mode. Clocked, regenerated 
received data are automatically directed to the TxD line 
while normal receiver operation continues. The receiver 
must be enabled (CR2=1), but the transmitter need not 
be enabled. Processor to receiver communications con- 
tinue normally, but the processor to transmitter link 
is disabled. Only the first character of a break condi- 
tion is echoed. The TxD output will go high until the 
next valid start is detected. The following conditions 
are true while in Automatic Echo mode: 


1. Data assembled by the receiver are automatically 











placed in the Transmit Holding Register and retrans- 
mitted by the transmitter on the TxD output. 

2. The transmitter is clocked by the receive clock. 

3. TXRDY_ output=1. 

4. The TXEMT/DSCHG pin will reflect only the data set 
change condition. 

5. The TXEN command (CRO) is ignored. 


In synchronous mode, CR7-CR6=01 places the COM 
2449 in the Automatic SYN/DLE Stripping mode. The 
exact action taken depends on the setting of bits MR17 
and MR16: 


1. In the non-transparent, single SYN mode (MR17- 
MR16=10), characters in the data stream matching 
SYN1 are not transferred to the Receive Data Holding 
Register (RHR). 

2. In the non-transparent, double SYN mode (MR17- 
MR16=00), characters in the data stream matching 
SYN1, or SYN2 if immediately preceded by SYN1, are 
not transferred to the RHR. 

3. In transparent mode (MR16=1), characters in the 
data stream matching DLE, or SYN1 if immediately 
preceded by DLE, are not transferred to the RHR. 
However, only the first DLE of a DLE-DLE pair is 
stripped. 








Note that Automatic Stripping mode does not affect the 
setting of the DLE Detect and SYN Detect status bits 
(SR13 and SR15). 


Two diagnostic sub-modes can also be configured. In 
Local Loop Back mode (CR7-CR6=10), the following 
loops are connected internally: 


1. The transmitter output is connected to the receiver 
input. __ os —— 

2. TR is connected to RR and RS is connected to CS. 

3. The receiver is clocked by the transmit clock. 

4. The TR, RS and TxD outputs are held high. 

5. The CS, RR, DM and RxD inputs are ignored. 


Additional requirements to operate in the Local Loop 
Back mode are that CRO (TxEN), CR1 (TR), and CR5 
(RS) must be set to 1. CR2 (RxEN) is ignored by the 
COM 2449. 


The second diagnostic mode is the Remote Loop Back 
mode (CR7-CR6=11). In this mode: 


1. Data assembled by the receiver is automatically 
placed in the Transmit Holding Register and retrans- 
mitted by the transmitter on the TxD output. 

. The transmitter is clocked by the receive clock. 

No data are sent to the local processor, but the error 

status conditions (PE, OE, FE) are set. 

. The RxRDY, TxRDY, and TxXEMT/DSCHG outputs are 

held high. 

. CR1 (TXEN) is ignored. 

6. All other signals operate normally. 








oa & wh 


Request to ef | a 
seks sige Se Control (RxEN) Control (TxEN) 


0=FORCE RS 
OUTPUT HIGH 
ONE CLOCK 
TIME AFTER 
TxSR SERIAL- 
IZATION 


0O0=NORMAL OPERATION 
01=ASYNCH: AUTOMATIC 
ECHO MODE 
SYNCH: SYN AND/OR 
DLE STRIPPING MODE 


O=NORMAL 
1=RESET 
ERROR FLAG 
IN STATUS 
(FE, OE, 


10=LOCAL LOOP BACK 
REMOTE LOOP BACK 


1=FORCE RS 
OUTPUT LOW 


PE/DLE DETECT) 





ASYNCH: 

FORCE BREAK 

O0=NORMAL 

1=FORCE 
BREAK 

SYNCH: 

SEND DLE 


O=NORMAL 
1=SEND DLE 


O0=FORCE TR 
OUTPUT HIGH 
1=FORCE TR 
OUTPUT LOW 


0=DISABLE 
1=ENABLE 


O=DISABLE 
1=ENABLE 


TABLE 8—- COMMAND REGISTER (CR) 





STATUS REGISTER 1 (SR1) 


The data contained in the Status Register 1 (as shown in 
Table 9) indicate receiver and transmitter conditions and 
modem/data set status. 


SR10 is the Transmitter Ready (TxRDY) status bit. It, and 
its corresponding output, are valid only when the trans- 
mitter is enabled. If equal to 0, it indicates that the 
Transmit Data Holding Register has been loaded by the 
processor and the data has not been transferred to the 
Transmit Shift Register. If set equal to 1, it indicates that 
the Holding Register is ready to accept data from the 
processor. This bit is initially set wnen the Transmitter 
is enabled by CRO, unless a character has previously 
been loaded into the Holding Register. It is not set when 
the Automatic Echo or Remote Loop Back modes are 
programmed. When this bit is set, the TxRDY output pin 
is low. In the Automatic Echo and Remote Loop Back 
modes, the output is held high. 


SR11, the Receiver Ready (RxRDY) status bit, indicates 
the condition of the Receive Data Holding Register. If set,it 
indicates that a character has been loaded into the 
Holding Register from the Receive Shift Register and is 
ready to be read by the processor. If equal to zero, there 
is no new character in the Holding Register. This bit is 
cleared when the processor reads the Receive Data 
Holding Register or when the receiver is disabled by CR2. 
When set, the RxRDY output is low. 


The TxEMT/DSCHG bit, SR12, when set, indicates a 
change of state_of the DM or RR inputs (when CR2 or 
CRO = 1), the SI, SB, SQ, TM or IC inputs (when 
SR25, SR26, or SR27=1) or that the Transmit Shift 
Register has completed transmission of a character 
and no new character has been loaded into the Transmit 
Data Holding Register. Note that in synchronous mode 
this bit will be set even though the appropriate “fill” 
character is transmitted. TxEMT will not go active until 
at least one character has been transmitted. It is cleared 
by loading the Transmit Data Holding Register. The 
DSCHG condition is enabled when TxEN =1 or RXEN=1. 















































"nstig i casiGn” {|e i -SvenauN 
7 1= U 
1=DM INPUT 1=RR INPUT O= NORMAL ERROR 


1=FRAMING 
ERROR 
SYNCH: 
O0=NORMAL 
1=SYN CHAR 
DETECTED 


IS LOW IS LOW 














savy | sais, | sts | sats | sats | saz] sett] srt 
Receiver Ready | FE/SYNDetect | Overrun | PE/DLE Detect | TxEMT/DSCHG RxRDY TxRADY 









o= 
y= 


ASYNCH: 0=NORMAL O=RECEIVE O=TRANSMIT 
1=CHANGE HOLDING REG | HOLDING 
NORMA ae 
baits IN DSR OR EMPTY REG BUSY 
Echo DCD, OR 1=RECEIVE 1=TRANSMIT 
TRANSMIT HOLDING REG | HOLDING 
SYNCH: SHIFT REGIS- HAS DATA REG EMPTY ~ 


Oo= 
1= 


DLE CHAR 
RECEIVED 


It is cleared when status register 1 is read by the 
processor. If status register 1 is read twice and SR12=1 
while SR16 and SR17 remain unchanged, then a TXEMT 
condition exists. When SR?12 is set, the TxEMT/DSCHG 
output is low. 








SR13, when set, indicates a received parity error when 
parity is enabled by MR14. In synchronous transparent 
mode (MR16=1), with parity disabled, it indicates that 
a character matching the DLE Register has been received, 
and the present character is neither SYN1 nor DLE. This 
bit is cleared when the next character following the 
above sequence is loaded into the Receive Data Holding 
Register, when the receiver is disabled, or by a reset 
error command, CR4. 


The Overrun Error status bit, SR14, indicates that the 
previous character loaded into the Receive Holding 
Register was not read by the processor at the time anew 
received character was transferred into it. This bit is 
cleared when the receiver is disabled and by the Reset 
Error command, CR4. 


In asynchronous mode, bit SR15 signifies that the re- 
ceived character was not framed by a stop bit, i.e., only 
the first stop bit is checked. If the RHR contains all 
0’s when SR15=1, a break condition is present. In syn- 
chronous non-transparent mode (MR16=0), it indicates 
receipt of the SYN1 character in single SYN mode or the 
SYN1-SYN2 pair in double SYN mode. In synchronous 
transparent mode (MR16=1), this bit is set upon detec- 
tion of the initial synchronizing characters (SYN1 or 
SYN1-SYN2) and, after synchronization has been 
achieved, when a DLE-SYN1 pair is received. The bit is 
reset when the receiver is disabled, when the Reset Error 
command is given in asynchronous mode, or when 
Status Register 1 is read by the processor in the syn- 
chronous mode. 


SR16 and SR17 reflect the conditions of the RR and DM 
inputs respectively. A low input sets the corresponding 
status bit and a high input clears it. 






































TER IS 
EMPTY 


NORMAL 

PARITY 

ERROR 
OR 








TABLE 9—STATUS REGISTER 1 (SR1) 
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STATUS REGISTER 2 (SR2) 


The Data contained in the 5 least significant bits (SR20 
to SR24) reflect the conditions of the IC, TM, SQ, SB 
and SI inputs respectively. A low input sets the corre- 
sponding status bit high and a high input clears the 
corresponding status bit low. These 5 bits or read only. 


The three most significant bits (SR25 to SR27) allow 
interrupts to be enabled on the 5 inputs reflected in 
SR20 to SR24. 

Setting SR25 enables an interrupt to occur when the IC 


SR27 SR26 SR25 SR24 
Interrupt Interrupt Interrupt Signal Rate 
Enable 1 Enable 2 Enable 3 Indication 


0=SI INPUT 
IS HIGH 

1=SI INPUT 
IS LOW 


1=INTERRUPT 
ON IC STATE 
CHANGE 


1=INTERRUPT 1=INTERRUPT 
ON SQ, SI, SB ON TM STATE 
STATE CHANGE 
CHANGE 





input signal experiences a change of state. Setting SR26 
enables an interrupt to occur when the TM input signal 
experiences a change of state. Setting SR27 enables an 
interrupt to occur when the SQ, Sl, or SB input signals 
experience a change of state. All interrupts enabled in 
these 3 bits will be reflected in the DSCHG/TXEMT output 
signal and its corresponding status bit (SR12). These 3 
bits can be read as well as written according to Table 
5. Table 10 illustrates bit assignments of Status Register 2. 


SR23 $R22 
Standby Signal 
Indicator Quality 
O=1C INPUT 
IS HIGH 
1=1C INPUT 
IS LOW 


O=TM INPUT 


0=SQ INPUT 
IS HIGH 

1=SQ INPUT 
IS LOW 


0=SB INPUT 
\S HIGH 

1=SB INPUT 
IS LOW 


IS HIGH 
1=TM INPUT 
IS LOW 


TABLE 10—STATUS REGISTER 2 (SR2) 





OUTPUT REGISTER (OR) 


This 6 bit read write register (OR5-ORO) controls the 6 


new output signals added to the COM2449. OR5-1 


directly control the state of the IS, SF/SR, SS, RL, and 


LL respectively. 


[own [ons] ons —id| 
—_ 

Terminal! Frequency/ 

in service Signal rate 
select 


0=I1§ OUTPUT 
GOES HIGH HIGH 

1=IS OUTPUT 1=SF/SR OUTPUT 
GOES LOW LOW 


DON'T DON'T 
CARE CARE 


0=SF/SROUTPUT | 0=SS OUTPUT 
HIGH GOES HIGH 
1=SS OUTPUT 
LOW GOES LOW 





ORO when set to a logic 1 will cause the NS output to 
become low. When ORO is set to a logic 0 the NS output 
will not change until the RR input goes high. 


Table 11 illustrates bit positions of the Output Register. 


Select Remote Local New 
Standby Loopback Loopback Signal 


0=NS OUTPUT GOES 
HIGH ONLY WHEN 
RRINPUT GOES HIGH 

1=NS OUTPUT GOES 
LOW 


0=LL OUTPUT 
GOES HIGH 
1=LL OUTPUT 
GOES LOW 


O=RL OUTPUT 


1=RL OUTPUT 


TABLE 11—OUTPUT REGISTER (OR) 
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i=) 
fo] 
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” 
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° 
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= 
oO 
Zz 
> 
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ASYNCHRONOUS MODE 


TxC (IX) 


DATA 4 





SWVYSVIC SNIWIL 


Ecol 


SYNCHRONOUS MODE 


ASYNCHRONOUS MODE 


SYNDET 
STATUS BIT 


RxRDY 


TE FOR cy 
READ. 


READ 
STATUS 


RxRDY 


OVERRUN 
STATUS BIT 


CE FOR ] & 
READ 


READ 
RHR 
(DATA 1) 
NOTES 


Start bit 

Stop bit 1 

Stop bit 2 

TxD marking condition 


RHR 
(DATA 1) 


RHR 
(DATA 2) 


a 
IGNORED 


READ 
RHR 
(DATA 3) 


------]0 


cc 
ta 
uy 

READ 

RHR 

(DATA 3) 


READ 
RHR 
(DATA 3) 








(PAuUODd) SINVHDVIG ONIINIL 


TIMING DIAGRAMS (Cont'd) 








BRCLK., Tx, RxC 





TRANSMIT 





RECEIVE 









1 BIT TIME 
(1, 16, OR 64 CLOCK PERIODS) + 





TxC 
(INPUT) 


Rx (1X) 


xc 
(OUTPUT) 


EXTERNAL SYNCHRONIZATION WITH XSYNC 


jae er EArt 


’ 
te —>| b— ' tes =XSYNC SETUP TIME =300ns 
t,, =XSYNC HOLD TIME= ONE RxC 


READ AND WRITE 


XSYNC 


= ty — 
RxD 
Se 


CHARACTER ASSEMBLY 


BREAK DETECTION TIMING 


Rx CHARACTER=5 BITS, NO PARITY 
RxC+16 
or 64 







a 
{ 1 ' LOOK FOR START BIT=LOW(IF RxD IS HicH| 
LOOK FOR HIGH TO LOW TRANSITION) r 


RxD ¥ FALSE START BIT CHECK MADE (RxD Low)! 
' 











Oo-D, 
(READ) 


BUS 
FLOATING 






MISSING STOP BIT 










DETECTED 
1ST DATA BIT 
SET FE BIT" MISSING STOP BIT DETECTED, 
SRMEREO. SET FE BIT. 
O-—RHR, ACTIVATE AxADY. 
SET BKDET PIN. 
NOTE RxD INPUT—RxSR UNTIL A MARK 


“If the stop bit is present, the start bit 
search will commence Immediately. 


TO SPACE TRANSITION OCCURS. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range 0.0.6... cee en ene nett e ete tenes O°C to + 70°C 
Storage lemiperature Range: 2 ss. co. Gai arcaetaketar ec nktd Mele wena erate tea iemiesea ee — 55°C to + 150°C 
Lead Temperature (Soldering, 10SEC.) oo... nnn nnn EEE beeen nes + 325°C 
Positive Voltage on any Pin, with respect to Ground ..... 6... c ccc eee tenn beeen + 18.0V 
Negative Voltage on any Pin, with respect to ground ......... 6... cece eee eee ences —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum 

Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their 

outputs when the AC power is switched on and off. In addition, voltage transients on the AC power line may appear on the 

DC output. For example, the bench power supply programmed to deliver +12 volts may have large voltage transients when 

the AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 


DC ELECTRICAL CHARACTERISTICS Ta=0°C to +70°C, Vec=5.0V+5% 





PARAMETER TEST CONDITIONS 
Input voltage 
Low 
High 
Output voltage 
Low : lo. =2.2mA 
High ; lon=— 400A 
Input leakage current Vin=0 to 5.5V 


Output leakage current 
Data bus high Vo=4.0V 
Data bus low Vo=0.45V 


Power supply current 
Capacitance 
Input 20 fo= 1MHz 


Output 20 Unmeasured pins tied 
Input/Output 20 to ground 
































PARAMETER [ omin | otyp | max | UNIT TEST CONDITIONS 


Pulse width 
tres Reset 
toe Chip enable 


Setup and hold time 
Address setup 
Address hold 
R/W control setup 
R/W control hold 
Data setup for write 
Data hold for write 
Rx data setup 
Rx data hold 


Data delay time for read C.=150pF 
Data bus floating time 
__for read C.=150pF 
CE to CE delay 


Input clock frequency 
Baud rate generator 
(2449-1, -2) 
Baud rate generator 
__ (2449-3) 
TxC or RxC 
Clock width 
Baud rate high fsrc=4.915MHz; measured 
(2449-1, -2) at Vin 
Baud rate high faac=5.0688MHz; measured 
(2449-3) at Vin 
Baud rate low ferac=4.915MHz; measured 
(2449-1, -2) at Vit 
Baud rate low ferc=5.0688MHz; measured 
ey (2449-3) ; at Vit 
TxC or RxC high 
TxC or RxC low 


TxD delay_from falling 
edge ot TxC C.=150pF 

Skew between TxD 
changing and falling 
edge of TxC output C.=150pF 





























NOTE: 


1. faa and tr,r. shown all modes except Local Loopback. For Local Loopback mode 
fat=0.7MHz and tatt_=700ns min. 
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TYPICAL APPLICATIONS 


“ASYNCHRONOUS INTERFACE SYNCHRONOUS INTERFACE 


TO TERMINAL OR 
TO CRT TERMINAL _ PERIPHERAL DEVICE 


CONTROL BUS 


ADDRESS BUS ADDRESS BUS 


DATA BUS 


EIA TO TTL 
CONVERT 


TxD SYNCHRONOUS 
COM 2449 COM 2449 oR PERIPHERAL 
DEVICE 
0688 MHz 


5. 
x cRT 
OSCILLATOR TERMINAL 


ASYNCHRONOUS INTERFACE SYNCHRONOUS INTERFACE 
TO TELEPHONE LINES TO TELEPHONE LINES 


ADDRESS BUS ADDRESS BUS y 
CONTROL BUS CONTROL BUS 


DATA BUS DATA BUS 


COM 2449 . COM 2449 


5.0688 MHz { 
OSCILLATOR 
TELEPHONE TELEPHONE 
LINE LINE 





STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
CORPORATION tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
| ae information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 


35 Macus Bd Hapoauge NY 1788 assUMed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
i516) 273-3100 TWX.510.227-8898 devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 


at any time in order to improve design and supply the best product possible. 
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ANDARD MICROSYSTEMS | 
CORPORATION COWI2601 
—_ 


Universal Synchronous Receiver/Transmitter 
USRT 


FEATURES | PIN CONFIGURATION 
[1 STR, BSC— Bi-sync and interleaved bi-sync 
modes of operation 


(] Fully Programmable— data word length, parity 
mode, receiver sync character, transmitter 
sync character 


C] Full or Half Duplex Operation— can receive and 
transmit simultaneously at different baud rates 


(1) Fully Double Buffered — eliminates need for 
precise external timing 


C) Directly TTL Compatible— no interface 
components required 


C1 Tri-State Data Outputs — bus structure oriented 


C1 1BM Compatible— internally generated SCR 
and SCT signals 


C] High Speed Operation — 250K baud, 200ns PACKAGE: 40-Pin D.1.P. 
strobes 


C] Low Power—300mW 


CO input crelected -elliniiatee nanelng problems FUNCTIONAL BLOCK DIAGRAM 
[J Dip Package — easy board insertion SAA iaap sea Dan BBO a ushaS st 





OOAN DOWD — 


ono 


13 (12 «11 #10 #9 8 


APPLICATIONS DATA BUS 


C) Bi-Sync Communications TRANSMITTER 
A 


DAT, SYNC 
C] Cassette I/O = 
CL] Floppy Disk I/O 
MULTIPLEXER 


GENERAL DESCRIPTION 


The Universal Synchronous Receiver/Transmitter 
isan MOS/LSI monolithic circuit that performs all 
the receiving and transmitting functions 
associated with synchronous (STR, BSC, Bi-sync, al arc 
and interleaved bi-sync) data communications. nee 
This circuit is fabricated using SMC’s P-channel 
low voltage oxide-nitride technology, allowing ek 
allinputs and outputs to be directly TTL AND COMPARATOR 
compatible. The duplex mode, baud rate, data or Eenuod 
word length, parity mode, receiver sync character, 
and transmitter sync character are independently 
programmable through the use of external 

controls. The USR/T is fully double buffered and 
internally generates the sync character received 
and sync character transmitted signals. These 
programmable features provide the user with the 
ability to interface with all synchronous peripherals. 
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RPE PEE EES 


RD8 RO7 RD6 RDS RD4 RDI RD2 ROt 





PIN NO. 


SYMBOL 


DESCRIPTION OF PIN FUNCTIONS 


NAME 


FUNCTION | 


7-14 


15 


16 


Vcc 


TBMT 


TSO 


GND 


SCT 


Vppb 


DB1-DB8 


RR 


RPE 


Power Supply 


Transmitter 
Buffer Empty 


Transmitter 
Serial Output 


Ground 


Sync Character 
Transmitted 


Power Supply 


Data Bus Inputs 


Receiver Reset 


Receiver 
Parity Error 


+5 volt Supply 


This output is at a high-level when the transmitter data 
buffer register may be loaded with new data. 


This output serially provides the entire transmitted 
character. This character is extracted from the transmitter 
data buffer register provided that a TDS pulse occurs during 
the presently transmitted character. If TDS is not pulsed, 
the next transmitted character will be extracted from the 
transmitter sync register. 


Ground 


This output is set high when the character loaded into the 
transmitter shift register is extracted from the transmitter 
sync register, indicating that the TDS was not pulsed during 
the previously transmitted character. This output is reset 
low when the character to be transmitted is extracted from 
the transmitter data buffer register. This can only occur if 
TDS is pulsed. 


—12 volt Supply 


This 8 bit bus inputs information into the receiver sync 
register under control of the RSS strobe, into thetransmitter 
sync register under control of the TSS strobe, and into the 
transmitter data buffer register under control of the TDS 
strobe. The strobes operate independently of each other. 
Unused bus inputs may be in either logic state. The LSB 
should always be placed on DB1. 


This input should be pulsed to a high-level after power 
turn-on. This resets the RDA, SCR, ROR, and RPE outputs 
to a low-level. The transition of the RR input from a high- 
level to a low-level sets the receiver into the search mode 
(bit phase).‘In the search mode the serially received data bit 
stream is examined ona bit by bit basis untilasynccharacter 
is found. A sync character is found, by definition, when the 
contents of the receiver sync register and the receiver 

shift register are identical. When this occurs the SCR output 
is set high. This character is then loaded into the receiver 
buffer register and the receiver is set into the character 
mode. In this mode each character received is loaded into 
the receiver buffer register. 


This output is a high-level if the received character parity 
bit does not agree with the selected parity. 
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DESCRIPTION OF PIN FUNCTIONS 








PINNO. SYMBOL NAME FUNCTION 
17 SCR Sync Character This output is set high each time the character loaded into 
Received the receiver buffer register is identical to the character in 
the receiver sync register. This output is reset low the next 
time the receiver buffer register is loaded with a character 
which is not a sync character. 
18 TSS Transmitter Sync A high-level input strobe loads the character on the DB1- 
Strobe DB8 lines into the transmitter sync register. 

19 TCP Transmitter Clock The positive going edge of this clock shifts data out of 
the transmitter shift register, ata baud rate equal to the 
TCP clock frequency. 

20 TDS Transmitter Data A high-level input strobe loads the character on the DB1- 

Buffer Strobe DB8 lines into the transmitter data buffer register. 
21 RSS Receiver Sync A high-level input strobe loads the character on the DB1- 
Strobe DB8 lines into the receiver sync register. 

22 RSI Receiver Seriallnput This input accepts the serial bit input stream. 

23 RCP Receiver Clock The negative-going edge of this clock shifts data into the 
receiver shift register, at a baud rate equal to the RCP 
clock frequency. 

24 RDAR Receiver Data A high-level input resets the RDA output to a low-level. 

Available Reset 
25 RDE Received Data A high-level input enables the outputs (RD8-RD1) of the 
Enable receiver buffer register 
26 RDA Receiver Data This output is ata high-level when an entire character has 
Available been received and transferred into the receiver buffer 
register. 
27 ROR Receiver Over- This output is at a high-level if the previously received 
Run character is not read (RDA not reset) before the present 
character is transferred into the receiver buffer register. 
28-35 RD8-RD1 Receiver Data These are the 8 tri-state data outputs enabled by RDE. 
Output Unused data output lines, as selected by NDB1 and NDB2, 
have a low level output, and received characters are right 
justified, i.e. the LSB always appears on the RD1 output. 
36, 38 NDB2, Number of Data These 2 inputs are internally decoded to select either 5,6, 7, 
NDB1 Bits or 8 data bits/character as per the following truth table: 


NDB2 NDB1 data bits/character 
L L 
L H 6 
H L 7 
H H 8 
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DESCRIPTION OF PIN FUNCTIONS 
PINNO. SYMBOL NAME FUNCTION 


37 NPB No Parity Bit A high-level input eliminates the parity bit from being 
transmitted. In addition, it is necessary that the received 
character contain no parity bit. Also, the RPE output is 
forced to a low-level. See pin 40, POE. 


39 cs Control Strobe A high-level input enters the control bits (NDB1, NDB2, 
POE, and NPB) into the control bits register. This line may 
be strobed or hard wired to a high-level. 


40 POE Odd/Even Parity The logic level on this input, in conjunction with the NPB 
Select input, determines the parity mode for both the reciever and 


transmitter, as per the following table: 


NPB POE MODE 
L L odd parity 
L H even parity 
H X no parity 


X = don't care 


ADDITIONAL TIMING INFORMATION 
(Typical Propagation Delays) 


Transmitter 





TCP 
OUTPUT Trpdo epi =s UNITS 
isl mi iw ks ces ein ts a TBMT NA 2.0 “US 
nN. SCT 10 #15 gs 
> TSO 1.0 1.0 US 





OUTPUT 











Receiver 
RCP 

OUTPUT Teno Tepi UNITS 

RDA NA 1.0 US 

ROR 2.0 2.5 us 

RPE 2.0 2.5 us 

OUTPUT SCR 20 25 gs 

RD1-RD8 2.5 2.5 us 





RCP 
@ 250KHz | | | | 





MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ......... cece cece cece cence eee e seen eeenee 0°Cto +70°C 
Storage Temperature Range ......... ccc ccc cece eee t neat eee e tenes —55°C to +150°C 
Lead Temperature (Soldering, 10 SEC.) . 1... ccc cece cee cee renee eet e ene ee sane +325°C 
Positive Voltage on any PIN, VOC 2... ec cc cece cee t tee e eee reece enenres +0.3V 
Negative Voltage on any PIN, VCC 2... ec cee ce eee ee eee eee reece ence ee eeene —25V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


ELECTRICAL CHARACTERISTICS (Ta = 0°C to 70°C, Vcc = +5V £5%, Vop = —12V +5%, unless otherwise noted) 
Parameter Min Typ Max Unit Conditions 


D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 
Low-level, Vit Vopb 0.8 V 
High-level, Vin Vec-1.5 Vec V 
OUTPUT VOLTAGE LEVELS 
0.4 VV lo. =1.6mA 
V 


Low-level, Vot 0.2 

High-level, Vou 2.4 4.0 loH = —100uA 
INPUT CURRENT 

Low-level, lit 1.6 mA’ seenote 1 
OUTPUT CURRENT 

Leakage, ILo —1 HA RDE=Vi_,O SVout S +5V 

Short circuit, los** 10 mA Vout =O0V 
INPUT CAPACITANCE 

All inputs, Cin 5 10 pf Vin=Vcc, f= 1MHz 
OUTPUT CAPACITANCE 

All outputs, Cout 10 20 pf Roe=Vit, f=1MHz 
POWER SUPPLY CURRENT 

ee oe ma All outputs = Vox 
A.C. CHARACTERISTICS Ta = +25°C 
CLOCK FREQUENCY DC 250 KHz RCP, TCP 
PULSE WIDTH 

Clock 1 us RCP, TCP 

Receiver reset 1 us RR 

Control strobe 200 ns CS 

Transmitter data strobe 200 ns TDS 

Transmitter sync strobe 200 ns TSS 

Receiver sync strobe 200 ns RSS 

Receiver data available 

reset 200 ns RDAR 

INPUT SET-UP TIME 

Data bits >0 , ns DB1-DB8 

Control bits >0 ns NPB, NDB2, NDB1, POE 
INPUT HOLD TIME 

Data bits >0 ns DB1-DB8 

Control bits >0 ns NPB, NDB2, NDB1, POE 
STROBE TO OUTPUT DELAY Load = 20pf +1 TTL input 

Receive data enable 180 250 ns RDE: Tpo1, Teoo 
OUTPUT DISABLE DELAY 100 250 ns RDE 











**Not more than one output should be shorted at a time. 


NOTES: 
1. Under steady state condition no current flows for TTL or MOS interfacing. A switching current of 1.6 mA 
maximum flows during a transition of the input. 


2. The three-state output has 3 states: 
1) low impedance to Vcc 
2) low impedance to GND 
3) high impedance OFF = 10M ohms 
The OFF state is controlled by the RDE input. 
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DESCRIPTION OF OPERATION —RECEIVER/TRANSMITTER 


The input clock frequency for the receiver is set at 
the desired receiver baud rate and the desired 
receiver sync character (synchronous idle charac- 
ter) is loaded into the receiver sync register. When 
the Receiver Reset input transitions from a high- 
level to a low-level the receiver is set into the search 
mode (bit phase). In the search mode the serially 
received data bit stream is examined on a bit by bit 
basis until a sync character is found. A sync charac- 
ter is found, by definition, when the contents of the 
receiver sync register and the receiver shift register 
are identical. When this occurs the Sync Character 
Received output is set high. This character is then 
loaded into the receiver buffer register and the 
receiver is set into the character mode. In this mode 
each character received is loaded into the receiver 
buffer register. The receiver provides flags for Re- 
ceiver Data Available, Receiver Over Run, Receiver 
Parity Error, and Sync Character Received. Full 
double buffering eliminates the need for precise 
external timing by allowing one full character time 
for received data to be read out. 


The input clock frequency for the transmitter is set 


at the desired baud rate and the desired transmitter 
sync character is loaded into the transmitter sync 
register. Internal logic decides if the character to be 
transmitted out of the transmitter shift register is 
extracted from the transmitter data register or the 
transmitter sync register. The next character trans- 
mitted is extracted from the transmitter data register 
provided that a Transmitter Data Strobe pulse 
occurs during the presently transmitted character. 
lf the Transmitter Data Strobe is not pulsed, the next 
transmitted character is extracted from the trans- 
mitter sync register and the Sync Character Trans- 
mitted output is set to ahighlevel. Full double buffer- 
ing eliminates the need for precise external timing by 
allowing one full character time to load the next 
character to be transmitted. 


There may be 5, 6, 7, or 8 data bits and odd/even 
or no parity bit. All inputs and outputs are directly 


_ TTL compatible. Tri-state data output levels are 


provided for the bus structure oriented signals. 
Input strobe widths of 200ns, output propagation 
delays of 250ns, and receiver/transmitter rates of 
250K baud are achieved. 


FLOW CHART—TRANSMITTER 


















TURN POWER ON 
SET CONTROL BITS—PULSE CS 


SELECT BAUD RATE—TCP 






LOAD TRANSMITTER SHIFT 
REGISTER FROM TRANSMITTER 
DATA REGISTER 


TBMT = 1 





A FULL CHARACTER 
BEEN TRANSMITTED 
? 


SET SYNC CHARACTER ONTO THE DATA BUS — PULSE TSS 


TRANSMIT 1. BIT 
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LOAD TRANSMITTER SHIFT 
REGISTER FROM TRANSMITTER 
SYNC REGISTER 










SET DATA BITS ONTO 
DATA BUS— PULSE TDS 
TBMT =0 


SET SYNC CHARACTER 
ONTO DATA BUS — 
PULSE TSS 













FLOW CHART— RECEIVER 


TURN POWER ON 
SELECT CONTROL BITS—-PULSE CS 


SET RECEIVER SYNC CHARACTER ONTO DATA BUS— PULSE RSS 
PULSE RR—SETS RECEIVER INTO SEARCH MODE, RDA = ROR = RPE = SCR=0 












SHIFT 1 BIT INTO THE RECEIVER SHIFT REGISTER 







DO THE 
CONTENTS OF THE 
RECEIVER SHIFT REGISTER 
COMPARE TO THE CONTENTS 
OF THE RECEIVER 
SYNC REGISTER 
9 


= 
i=) 
— 
oOo 
as 
(77) 






YES 


SET THE RECEIVER INTO THE CHARACTER MODE 
SCR=1 









LOAD THE RECEIVED CHARACTER INTO THE RECEIVER BUFFER REGISTER —RDA = 1 
EXAMINE OUTPUTS, PULSE RDAR, RDA = 0 
IF DESIRED, SET NEW RECEIVER SYNC CHARACTER ONTO DATA BUS— PULSE RSS 






SHIFT 1 BIT INTO THE RECEIVER SHIFT REGISTER 







HAS 
ACOMPLETE CHARACTER 
BEEN RECEIVED 

? 











DO THE 
CONTENTS OF THE 
RECEIVER SHIFT REGISTER 
COMPARE TO THE CONTENTS 

OF THE RECEIVER 
SYNC REGISTER 
? 












YES 
SETSCR=1 SET SCR=0 















HAS 
THE PROPER 
PARITY BIT 
BEEN RECEIVED 
? 







YES 
SET RPE =0 SET RPE=1 









SET ROR =0 SET ROR =1 
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NOTE 1; . 

The transmitter shift register is 
loaded with the next character 
at the positive clock transition 
corresponding to the leading 
edge of the last bit of the 
current character on the TSO 
output. TBMT is set high 
approximately two microsec- 


onds after this clock transition. 


If itis desired that the next 
character be extracted from 
the transmitter data register 
the leading edge of the TDS 
should occur at least one 
microsecond prior to this 
clock transition. 


USRT TIMING DIAGRAM 


In order to avoid an ROR 
indication the leading edge of 
the RDAR pulse should occur 
at least one microsecond prior 
to the negative clock transition 
corresponding to the center 

of the first bit after the last data 
bit on the RSI input. 


The ROR, RPE, SCR and RD1- 
RD8 outputs are set to their 
correct levels approximately 
two microseconds after the 
negative clock transition 
corresponding to the center of 
the first bit after the last data 
biton the RSI input. The RDA 
output is set high at the next 
negative clock transition. 


The solid waveforms corre- 
spond to acontrol register 
setting of 5 databits anda 
parity bit. The dashed wave- 
forms.are for a setting of 6 data 
bits and no parity bit. 





STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 


tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
CORPORATION, information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
——— assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
(516) 273-3100 TWx-510-227-8898 | devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 

at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 





——_—— 


COM 2651 


[LPC FAMILY 


Programmable Communication Interface 
PCi 


FEATURES 


C1] Synchronous and Asynchronous Full Duplex or 
Half Duplex Operations 
C) Re-programmable ROM on-chip baud 
rate generator 
() Synchronous Mode Capabilities 
— Selectable 5 to 8-Bit Characters 
— Selectable 1 or 2 SYNC Characters 
— Internal Character Synchronization 
— Transparent or Non-Transparent Mode 
— Automatic SYNC or DLE-SYNC Insertion 
— SYNC or DLE Stripping 
— Odd, Even, or No Parity 
— Local or remote maintenance loop back mode 
(C0 Asynchronous Mode Capabilities 
— Selectable 5 to 8-Bit Characters 
—3 Selectable Clock Rates (1X, 16X, 64X the 
Baud Rate) 
— Line Break Detection and Generation 
— 1, 1%, or 2-Stop Bit Detection and Generation 
— False Start Bit Detection 
— Odd, Even, or No Parity 
— Parity, Overrun, and framing error detect 
— Loca! or remote maintenance loop back mode 
— Automatic serial echo mode 
CL] Baud Rates 
— DC to 1.0M Baud (egachionols) 
— DC to 1.0M Baud (1X, Asynchronous) 
— DC to 62.5K Baud (16X, Asynchronous) 
— DC to 15.625K Baud (64X, Asynchronous) 
C Double Buffering of Data 





PIN CONFIGURATION 


28 D1 
27 DO 

26 Vcc 

25 RxC 

24 DTR 

23 RTS 

22 BSR 

21 RESET 

20 BRCLK 

19 TxD 

18 TxEMT/DSCHG 
17 CTS 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Es 
= 
Oo 


Package: 28-pin D.1.P. 


O Internal or External Baud Rate Clock 
—16 Internal Rates:50 to 19,200 Baud 

CO Single +5 volt Power Supply 

() TTL Compatible 

C) No System Clock Required 

1 Compatible with 2651, INS2651 


GENERAL DESCRIPTION 


The COM 2651 is an MOS/LS! device fabricated 
using SMC’s patented COPLAMOS® technology 
that meets the majority of asynchronous and 
synchronous data communication requirements, 
by interfacing parallel digital systems to asyn- 
chronous and synchronous data communication 
channels while requiring a minimum of processor 
overhead. The COM 2651 contains a baud rate 
generator which can be programmed to either 
accept an external clock or to generate internal 
transmit or receive clocks. Sixteen different baud 
rates can be selected under program control when 
operating in the internal clock mode. The on-chip 
baud rate generator can be ROM reprogrammed to 
accommodate different baud rates and different 
starting frequencies. 

The COM 2651 is a Universal Synchronous/ 


Asynchronous Receiver/Transmitter (USART) 
designed for microcomputer system data com- 
munications. The USART is used as a peripheral 
and is programmed by the processor to com- 
municate in commonly used asynchronous and 
synchronous serial data transmission techniques 
including IBM Bi-Sync. The USART receives serial 
data streams and converts them into parallel data 
characters for the processor. While receiving serial 
data, the USART will also accept data characters 
from the processor in parallel format, convert them 
to serial format and transmit. The USART will sig- 
nal the processor when it has completely received 
or transmitted a character and requires service. 
Complete USART status including data format 
errors and control signals is available to the 
processor at any time. 
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DATA BUS 
00-D7 


DATA BUS 


OPERATION CONTROL 


ROM 
RE-PROGRAMMABLE 
BAUD RATE 
GENERATOR 


AND 
CLOCK CONTROL 


MODEM 
CONTROL 


BUFFER | 


SYN/DLE CONTROL 


SYN 1 REGISTER 


SYN 2 REGISTER 


DLE REGISTER 


TRANSMITTER 


TRANSMIT DATA 
HOLDING REGISTER 


TRANSMIT 
SHIFT REGISTER 


RECEIVER 


RECEIVE DATA - 
HOLDING REGISTER 


RECEIVE 
SHIFT REGISTER 


COM 2651 ORGANIZATION 


The COM 2651 is organized into 6 major sections. 
Communication between each section is achieved via 
an internal data and control bus. The data bus buffer 
allows a processor access to all internal registers on the 
COM 2651. 


Operation Control 

This functional block stores configuration and opera- 
tion commands from the processor and generates appro- 
priate signals to various internal sections to control the 
overall device operation. It contains read and write cir- 
cuits to permit communications with a processor via the 
data bus and contains Mode Registers 1 and 2, the 
Command Register, and the Status Register. Details of 
register addressing and protocol are presented in the 
COM 2651 programming section of this specification. 
Timing =. 

The COM 2651 contains a Baud Rate Generator (BRG) 
which is programmable to accept external transmit or 
receive clocks or to divide an external clock to perform 
data communications. The unit can generate 16 com- 
monly used baud rates, any one of which can be selected 
for full duplex operation. Table 6 illustrates all available 
baud rates. ; 


Receiver 


The Receiver accepts serial data on the RxD pin, con- 
verts this serial input to parallel format, checks for bits 
or characters that are unique to the communication 
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technique and stores the “assembled” character in the 
receive data holding register until read by the processor. 


Transmitter 

The Transmitter accepts parallel data from the processor, 
converts it to a serial bit stream, inserts the appropriate 
characters or bits (based on the communication tech- 
nique) and outputs a composite serial stream of data on 
the TxD output pin. 


Modem Control 

The modem control provides three output signals and 
accepts three input signals used for “handshaking” and 
status indication between the COM 2651 and a modem. 


SYN/DLE Control . 

This section contains control circuitry and three 8-bit 
registers storing the SYN1, SYN2, and DLE characters 
provided by the processor. These registers are used in 
the synchronous mode of operation to provide the 
characters required for synchronization, idle fill and 
data transparency. 


Interface Signals . 
The COM 2651 interface signals can be grouped into two 


. types: the processor-related signals (shown in Table 2) which 


interface the COM 2651 to the processor, and the device- 
related signals (shown in Table 3), which are used to inter- 
face to the communications equipment. 


TABLE 2—PROCESSOR RELATED SIGNALS 







SYMBOL FUNCTION 


NAME 


Chip Enable 


Read/Write 


Receiver Ready 


15 Transmitter TxRDY 
_ | Ready 














Bidirectional; 8 bit, three state data bus used to transfer commands, data and status 
between the COM 2651 anda processor. D@ is the least significant bit; D7 is the most 
significant bit. 


0 
~ 
o 
3S 










Input; Address lines used to select COM 2651 registers. 




































Input; when this signal is low, the operation specified by the R/W, A1 and Ad will be 
performed. When this input is high, D7-@ are in the high impedance state. 









Input; Processor read/write direction control. This signal defines the direction of the 
data bus D7-@ when the COM 2651 is selected. D7-0 drives out (read) when this signal is 
low and accepts data input when this signal is high. The input only has meaning when 
the chip enable input is active. 












Output; This signal is the complement of Status Register bit 1 (SR1). When low, it 
indicates that the Receive Data Holding Register (RHR) has a character ready for input 
to the processor. It goes high when the RHR is read by the processor, and also when 
the receiver is disabled. It is an open drain output which can be used as an interrupt 
to the processor. 


Bs) 
x 

ps] 
oO 
< 












Output; This signal is the complement of Status Register bit 0 (SRO). When low, it 
indicates that the Transmit Data Holding Register (THR) is ready to accept a data 
character from the processor. It goes high when the data character is loaded. This output 
is valid only when the transmitter is enabled. It is an open drain output which can be 
used as an interrupt to the processor. 










18 Transmitter TxEMT/ 
empty/data DSCHG © 
set change 





Output; This signal is the complement of Status Register bit 2 (SR2). When low, it 
indicates that the transmitter has completed serialization of the last character loaded 
by the processor, or that a change of state of the DSR or DCD inputs has occurred. 
This output goes high when the Status Register is read by the processor, if the 

TxEMT condition does not exist. Otherwise, the THR must be loaded by the processor 
for this line to go high. It is an open drain output which can be used as an interrupt 

to the processor. 










Input; A high on this input performs a master reset on the COM 2651. This signal 
asynchronously terminates any device activity and clears the Mode, Command and 
Status registers. The device assumes the idle state and remains there until initialized 
with the appropriate control words. 


+5 volts supply. 


TABLE 3— DEVICE RELATED SIGNALS 
FUNCTION 


Supply Voltage 





—_ 



















Input; Serial data to the receiver. “Mark” is high “space” is low. 


PIN NO. i SYMBOL 
| Receive Data _| Data RxD 


Transmitter TxC 
Clock 

Data Carrier 

Detect 

Clear to Send 


Transmit Data 





Input or Output; If the external transmitter clock is programmed, this input controls 
the rate at which the character is transmitted. Its frequency is 1X, 16X or 64X, the Baud 
rate as programmed by Mode Register 1. The transmitted data changes on the falling 
edge of the clock. If the internal transmitter clock is programmed, this pin becomes 
an output at 1X the programmed Baud rate. 























O 
(@) 
iw) 


Input; This signal must be low in order for the receiver to function. The complement 
appears in the Status Register bit 6 (SR6). When this input changes state a low output 
on TXEMT/DSCHG occurs. 

















Input; This signal must be low in order for the transmitter to function. If it goes high 
during transmission, the character in the Transmit Shift Register will be transmitted 
before termination. 





Output; Seria! data from the transmitter. “Mark” is high, “Space” is low. This signal is 
held in the “Mark” condition when the transmitter is disabled. 








Baud Rate Clock Input; The standard device requires a 5.0688MHz clock to the internal Baud rate 
generator allowing for Baud rate shown in Table6. The reprogrammable ROM on chip 
allows for user specificed Baud rates and input frequency. Consult the factory for 


details. This input is not required if external receive and transmit clocks are used. 











Data Set Ready 


Input; This general purpose signal can be used for Data Set Ready or Ring Indicator 
condition. Its complement appears as Status Register bit 7 (SR7). When this input 
changes state, a low output on TxEMT/DSCHG occurs. 














Output; This general purpose signal is the complement of the Command Register bit 5 
(CRS). It is normally used to indicate Request to Send. 
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TABLE 3— DEVICE RELATED SIGNALS 
NAME SYMBOL FUNCTION 
Data Terminal oe Output; This general purpose signal is the complement of the Command Register 


bit 1 (CR1). It is normally used to indicate Data Terminal Ready. 
Receive Clock 














Input or Output; If the external receiver clock is programmed, this input controls the 
rate at which the character is to be received. Its frequency is 1X, 16X, or 64X the Baud 
rate, as programmed by Mode Register 1. Data are sampled on the rising edge of the 
clock. If internal receiver clock is programmed, this pin becomes an output at 1X the 
programmed Baud rate. 










COM 2651 OPERATION 


The functional operation of the COM 2651 is programmed 
by a set of control words supplied by the processor. 
These control words specify items such as synchronous 
or asynchronous mode, baud rate, number of bits per 
character, etc. The programming procedure is described 
in the COM 2651 Programming section of this data sheet. 


After programming, the COM 2651 is ready to perform 
the desired communications functions. The receiver 
performs serial to parallel conversion of data received 
from a modem or equivalent device. The transmitter 
converts parailel data received from the processor to a 
serial bit stream. These actions are accomplished within 
the framework specificed by the control words. 


Receiver 
The COM 2651 is conditioned to receive data when the 
BCD input is low and the RxEN bit in the command 
register is true. In the asynchronous mode, the receiver 
looks for a high to low transition on the RxD input line 
indicating the start bit. If a transition is detected, the 
state of the RxD line is sampled again after a delay of 
one-half of a bit time. If RxD is now high, the search for 
a valid start bit is begun again. If RxD is still low, a valid 
_ Start bit is assumed and the receiver continues to sample 
the input line at one bit time intervals until the proper 
number of data bits, the parity bit, and the stop bit(s) 
have been assembled. The data is then transferred to the 
Receive Data Holding Register, the RxRDY: bit in the 
status register is set, and the RxRDY output is asserted. 
If the character length is less than 8 bits, the high order 
unused bits in the Holding Register are set to zero. The 
Parity Error, Framing Error, and Overrun Error status 
bits are strobed into the status register on the positive 
going edge of RxC corresponding to the received char- 
acter boundary. If a break condition is detected (RxD is 
low for the entire character as well as the stop bitjs]), 
only one character consisting of all zeros (with the 
Framing error status bit set) will be transferred to the 
Holding Register. The RxD input must return to a high 
condition before a search for the next start bit begins. 


When the COM 2651 is initialized into the synchronous 


mode, the receiver first enters the hunt mode on aOto1. 


transition of RXEN (CR2). In this mode, as data is shifted 
into the Reciver Shift Register a bit at a time, the con- 
tents of the register are compared to the contents of the 
SYN1 register. If the two are not equal, the next bit is 
shifted in and the comparison is repeated. When the two 
registers match, the hunt mode is terminated and char- 
acter assembly begins. If the single SYN operation is 
programmed, the SYN DETECT status bit is set. If double 
SYN operation is programmed, the first character assem- 
bled after SYN1 must be SYN2 in order for the SYN 
DETECT bit to be set. Otherwise, the COM 2651 returns 


to the hunt mode. (Note that the sequence SYN1-SYN1- 
SYN2 will not achieve synchronization). When syn- 
chronization has been achieved, the COM 2651 con- 
tinues to assemble characters and transfers them to the 
Holding Register. The RxRDY status bit is set and the 
RxR DY output is asserted each time a character is assem- 
bled and transferred to the Holding Register. The Overrun 
error (OE) and Parity error (PE) status bits are set as 
appropriate. Further receipt of the proper SYN 
sequence sets the SYN DETECT status bit. If the SYN 
stripping mode is commanded, SYN characters are not 
transferred to the Holding Register. Note that the SYN 
characters used to establish initial synchronization are 
not transferred to the Holding Register in any case. 


Transmitter 

The COM 2651 is conditioned to transmit data when the 
CTS input is low and the TxEN command register bit is 
set. The COM 2651 indicates to the processor that it can 
accept a character for transmission by setting the 
TxRDY status bit and asserting the TxRDY output. When 
the processor writes a character into the Transmit Data 
Holding Register, the TxRDY status bit is reset and the 
TxRDY output is returned to a high (false) state. Data 
is transferred from the Holding Register to the Transmit 


- Shift Register when it is idle or has completed trans- 


mission of the previous character. The TxRDY condi- 
tions are then asserted again. Thus, one full character 
time of buffering is provided. 


In the asynchronous mode, the transmitter automatically 
sends a start bit followed by the programmed number 
of data bits, the least significant bit being sent first. It then 
appends an optional odd or even parity bit and the pro- 
grammed number of stop bits. If, following transmission 
of the data bits, a new character is not available in the 
Transmit Holding Register, the TxD output remains ir. 
the marking (high) condition and the TxXEMT/DSCHG 
output and its corresponding status bit are asserted. 
Transmission resumes when the processor loads a new 
character into the Holding Register. The transmitter can 
be forced to output a continuous low (BREAK) condi- 
tion by setting the Send Break command bit high. 


In the synchronous mode, when the COM 2651 is initially 
conditioned to transmit, the TxD output remains high and 
the TxRDY condition is asserted until the first character to 
be transmitted (usually a SYN character) is loaded by the 
processor. Subsequent to this, a continuous stream of 
characters is transmitted. No extra bits (other than parity, 
if commanded) are generated by the COM 2651 unless the 
processor fails to send a new character to the COM 2651 
by the time the transmitter has completed sending the 
previous character. Since synchronous communication 


- does not allow gaps between characters, the COM 2651 
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asserts TxEMT and automatically “fills” the gap by : 
transmitting SYN1s, SYN1-SYN2 doublets, or DLE-SYN1 

doublets, depending on the state of MR16 and MR17. COM 265 TINALIZ ATION FLOW CnAnT 
Normal transmission of the message resumes when anew INITIAL RESET 

character is available in the Transmit Data Holding : 
Register. If the SEND DLE bit in the command register is ——— 

true, the DLE character is automatically transmitted prior 


to transmission of the message character in the transmit age 

holding register. LOAD Mode Register 1 must be written 
MODE REGISTER 2 before 2 can be written. Mode Register 2 

COM 2651 PROGRAMMING need not be programmed if external 

. Sgt tee . . clocks are used. 

Prior to initiating data communications, the COM 2651 

operational mode must be programmed by performing 

write operations to the mode and command registers. NOTE 

In addition, if synchronous operation is programmed, Y SYN1 Register must be written 

the appropriate SYN/DLE registers must be loaded. The LOAD before SYN2 can be written, and 
SYN 1 REGISTER SYN2 before DLE can be written. 


COM 2651 can be reconfigured at any time during pro- 
gram execution. However, if the change has an effect on 
the reception of a character the receiver should be dis- 





BLE 
Cc? 


abled. Alternatively if the change is made 12 RxC periods LZ 
after RxRDY goes active it will affect the next character in / 
esate, ~ 
SYN 2 REGISTER 


assembly. A flowchart of the initialization process 
appears in Figure 1. 


The internal registers of the COM 2651 are accessed by 
applying specific signals to the CE, R/W, A1 and AO 
inputs. The conditions necessary to address each register 
are shown in Table 4. 


The SYN1, SYN2, and DLE registers are accessed by 
performing write operations with the conditions A1=0, 
AO=1, and R/W=1. The first operation loads the SYN1 
register. The next loads the SYN2 register, and the third 
loads the DLE register. Reading or loading the mode 
registers is done in a similar manner. The first write (or 
read) operation addresses Mode Register 1, and a sub- 
sequent operation addresses Mode Register 2. If more 
than the required number of accesses are made, the c—-— -——4 
internal sequencer recycles to point at the first register. ' OPERATE | 
The pointers are reset to SYN1 Register and Mode Se Gra 
Register 1 by a RESET input or by performing a “Read 
Command Register” operation, but are unaffected by any 
other read or write operation. 


The COM 2651 register formats are summarized in Y 
Tables 5, 6, 7 and 8. Mode Registers 1 and 2 define the 
general operational characteristics of the COM 2651, shinies hE di 
while the Command Register controls the operation 
within this basic framework. The COM 2651 indicates Figure 1 
its status in the Status Register. These registers are 
cleared when a RESET input is applied. 





FUNCTION 


Tri-state data bus 

Read receive holding register 
Write transmit holding register 
Read status register 

Write SYN1/SYN2/DLE registers 


Read mode registers 1 and 2 
Write mode registers 1 and 2 
Read command register 
Write command register 


-+so8een 


Ps) 
-o+-0-0-0~x 2 


ooooooo°oo = 


NOTE 
See AC Characteristics section for timing requirements. 


Table 4— COM 2651 REGISTER ADDRESSING 
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MODE REGISTER 1 (MR1) 


Table 5 illustrates Mode Register 1. Bits MR11 and MR10 
select the communication format and Baud rate multi- 
plier. OO specifies synchronous mode and 1X multiplier. 
1X, 16X, and 64X multipliers are programmable for 
asynchronous format. However, the multiplier in asyn- 
chronous format applies only if the external clock input 
option is selected by MR24 or MR25. 


MR13 and MR12 select a character length of 5, 6, 7, or 8 
bits. The character length does not include the parity bit, 
if programmed, and does not include the start and stop 
bits in asynchronous mode. 


MR14 controls parity generation. If enabled, a parity bit 
is added to the transmitted character and the receiver 

















ASYNCH: STOP BIT LENGTH 
00=INVALID 

01=1 STOP BIT 

10=1'2 STOP BITS 

11=2 STOP BITS 

















SYNCH: NUMBER 
OF SYN CHAR 


0=DOUBLE SYN 
1=SINGLE SYN 


SYNCH: TRANS- 
PARENCY CONTROL 
0=NORMAL 
1=TRANSPARENT 








p me| mts mts rte |e omme | we 
Sync/Async Parity Type Parity Control Character Length Mode and Baud Rate Factor 


0=DISABLED 
1=ENABLED 


performs a parity check on incoming data. MR15 selects 
odd or even parity when parity is enabled by MR14. 


In asychronous mode, MR17 and MR16 select character 
framing of 1, 1.5, or 2 stop bits. (if 1X baud rate is pro- 
grammed, 1.5, stop bits defaults to 1 stop bits on trans- 
mit). In synchronous mode, MR17 controls the number 
of SYN characters used to establish synchronization | 
and for character fill when the transmitter is idle. SYN1 
alone is used if MR17=1, and SYN1-SYN2 is used when 
MR17=0. If the transparent mode is specified by MR16, 
DLE-SYN1 is used for character fill and SYN Detect,.but 
the normal synchronization sequence is used. Also DLE 
stripping and DLE Detect (with MR14=0) are enabled. 

















00=5 BITS 00=SYNCHRONOUS 1X RATE 
01=6 BITS 01=ASYNCHRONOUS 1X RATE 
10=7 BITS 10=ASYNCHRONOUS 16X RATE 


11=8 BITS 11=ASYNCHRONOUS 64X RATE 


NOTE Baud rate factor in asynchronous applies only if external clock is selected. Factor is 16X if 
internal clock is selected. Mode must be selected (MR11, MR10) in any case. 


TABLE 5—MODE REGISTER 1(MR1) 





MODE REGISTER 2 (MR2) 


Table 6 illustrates Mode Register 2. MR23, MR22, MR21, 
and MR20 control the frequency of the internal Baud 
rate generator (BRG). Sixteen rates are selectable. When 
driven by a 5.0688 MHz input at the BRCLK input (pin 20), 
the BRG output has zero error except at 134.5, 2000, and 
19,200 Baud, which have errors of +0.016% +0.253%, 
and +3.125% respectively. 


MR25 and MR24 select either the BRG or the external 
| mrer | ownzs | omnes | omnes 


Transmitter Receiver 
Clock Clock 


Q=EXTERNAL | O=EXTERNAL 


NOT USED 1=INTERNAL 1=INTERNAL 





inputs TxC and RxC as the clock source for the trans- 
mitter and receiver, respectively. If the BRG clock is 
selected, the Baud rate factor in asynchronous mode is 
16X regardless of the factor selected by MR11 and MR10. 
In addition, the corresponding clock pin provides an 
output at 1X the Baud rate. Custom Baud rates other 
than the ones provided by the standard part are avail- 
able. Contact the factory for details. 


MR23-MR20 





Actual 
Frequency Percent 
16X Clock Error 


Theoretical 
Frequency 


16X Clock Divisor 


oO 
for) 


01 
0.253 
12 


wo 
a 


NOTE ‘Error at 19200 can be reduced to zero by using crystal frequency 4.9152MHz 
16X clock is used in asynchronous mode. In synchronous mode, clock multiplier is 1X. 


Baud rates are valid for crystal frequency = 5.0688MHz 


TABLE 6—MODE REGISTER 2 (MR2) 
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COMMAND REGISTER (CR) 


Table 7 illustrates the Command Register. Bits CRO (TxEN) 
and CR2 (RxEN) enable or disable the transmitter and 
receiver respectively. A 0 to 1 transition of CR2 forces 
start bit search (async mode) or hunt mode (sync mode) 
on the second RxC rising edge. Disabling the receiver 
causes RxRDY to go high (inactive). If the transmitter is 
disabled, it will complete the transmission of thecharacter 
in the Transmit Shift Register (if any) prior to terminat- 
ing operation. The TxD output will then remain in the 
marking state (high) while the TxRDY and TxEMT will 
go high (inactive). If the receiver is disabled, it will termi- 
nate operation immediately. Any character being assem- 
bled will be neglected. 


In asynchronous mode, setting CR3 will force and hold 
the TxD output low (spacing condition) at the end of the 
current transmitted character. Normal operation resumes 
when CR3 is cleared. The TxD line will go high for at least 
one bit time before beginning transmission of the next 
character in the Transmit Data Holding Register. In syn- 
chronous mode, setting CR3 causes the transmission 
of the DLE register contents prior to sending the char- 
acter in the Transmit Data Holding Register. CR3 should 
be reset in response to the next TxRDY. 


Setting CR4 causes the error flags in the Status Register 
(SR3, SR4, and SRS ) to be cleared. This is a one time 
command. There is no internal latch for this bit. 


The COM 2651 can operate in one of four sub-modes 
within each major mode (synchronous or asynchronous). 
The operational sub-mode is determined by CR7 and 
CR6. CR7-CR6=00 is the norma! mode, with the trans- 
mitter and receiver operating independently in accor- 
dance with the Mode and Status Register instructions. 


In asynchronous mode, CR7-CR6=01 places the COM 
2651 in the Automatic Echo mode. Clocked, regenerated 
received data is automatically directed to the TxD line 
while normal receiver operation continues. The receiver 
must be enabled (CR2=1), but the transmitter need not 
be enabled. Processor to receiver communications con- 
tinues normally, but the processor to transmitter link 
is disabled. Only the first character of a break condi- 
tion is echoed. The TxD output will go high until the 
next valid start is detected. The following conditions 
are true while in Automatic Echo mode: 


1. Data assembled by the receiver are automatically 
placed in the Transmit Holding Register and retrans- 
mitted by the transmitter on the TxD output. 

2. The transmitter is clocked by the receive clock. 

3. TxRDY output=1. 

4. Tne Ix /DSCHG pin will reflect only the data set 





change condition. 















Operating Mode 

















00=NORMAL OPERATION O=NORMAL 

01=ASYNCH: AUTOMATIC 0=FORCE RTS 1=RESET 
ECHO MODE OUTPUT HIGH ERROR FLAG 
SYNCH: SYN AND/OR 1=FORCE RTS IN STATUS 
DLE STRIPPING MODE OUTPUT LOW (FE, OE, 





10=LOCAL LOOP BACK 
11=REMOTE LOOP BACK 









Request to Receive Data Terminal Transmit 
eyneneyn’ | Control (RXEN) Control (TxEN) 







PE/DLE DETECT) 


5. The TxEN command (CRO) is ignored. 


In synchronous mode, CR7-CR6=01 places the COM 
2651 in the Automatic SYN/DLE Stripping mode. The 
exact action taken depends on the setting of bits MR17 
and MR16: 


1. In the non-transparent, single SYN mode (MR17- 
MR16=10), characters in the data stream matching 
SYN1 are not transferred to the Receive Data Holding 
Register (RHR). 

2. In the non-transparent, double SYN mode (MR17- 
MRi6=00), characters in the data stream matching, 
SYN1, or SYN2 if immediately preceded by SYN1, are 
not transferred to the RHR. However, only the first 
SYN1 of an SYN1-SYN1 pair is stripped. 

3. In transparent mode (MR16=1), characters in the 
data stream matching DLE, or SYN1 if immediately 
preceded by DLE, are not transferred to the RHR. 
However, only the first DLE of a DLE-DLE pair is 
stripped. 


Note that Automatic Stripping mode does not affect the 
setting of the DLE Detect and SYN Detect status bits 
(SR3 and SRS). 


Two diagnostic sub-modes can also be configured. In 
Local Loop Back mode (CR7-CR6=10), the following 
loops are connected internally: 


1. The transmitter output is connected to the receiver 
input. 

2. DTR is connected to DCD and RTS is connected to 
CTS. 


3. The receiver is clocked by the transmit clock. 
4. The DTR, RTS and TxD outputs are held high. 
5. The CTS, DCD, DSR and RxD inputs are ignored. 


Additional requirements to operate in the Local Loop 
Back mode are that CRO (TxEN), CR1 (DTR), and CR5 
(RTS) must be set to 1. CR2 (RxEN) is ignored by the 
COM 2651. 


The second diagnostic mode is the Remote Loop Back 
mode (CR7-CR6=11). In this mode: 


1. Data assembled by the receiver is automatically 
placed in the Transmit Holding Register and retrans- 
mitted by the transmitter on the TxD output. 

. The transmitter is clocked by the receive clock. 

. No data are sent to the local processor, but the error 

status conditions (PE, OE, FE) are set. 

The RxRDY, TxRDY, and TxEMT/DSCHG outputs are 

held high. 

. CRO (TXEN) is ignored. 

. All other signals operate normally. 





On fb WH 


ASYNCH: 
FORCE BREAK 
O0=NORMAL 
1=FORCE 

BREAK 


SYNCH: 
SEND DLE 
O=NORMAL 

1=SEND DLE 













O=FORCE DTR 
OUTPUT HIGH 
1=FORCE DTR 
OUTPUT LOW 


0=DISABLE 
1=ENABLE 


0=DISABLE 
1=ENABLE 


























TABLE 7— COMMAND REGISTER (CR) 
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STATUS REGISTER (SR) 


The data contained in the Status Register (as shown in 
Table 8) indicate receiver and transmitter conditions and 
modem/data set status. 


SRO is the Transmitter Ready (TxRDY) status bit. It, and 
its corresponding output, are valid only when the trans- 
mitter is enabled. If equal to 0, it indicates that the 
Transmit Data Holding Register has been loaded by the 
processor and the data has not been transferred to the 
Transmit Shift Register. If set equal to 1, it indicates that 
the Holding Register is ready to accept data from the 
processor. This bit is initially set wnen the Transmitter 
is enabled by CRO, unless a character has previously 
been loaded into the Holding Register. It is not set when 
the Automatic Echo or Remote Loop Back modes are 
programmed. When this bit is set, the TxRDY output pin 
is low. In the Automatic Echo and Remote Loop Back 
modes, the output is held high. 


SR1, the Receiver Ready (RxRDY) status bit, indicates 
the condition of the Receive Data Holding Register. If set, it 
indicates that a character has been loaded into the 
Holding Register from the Receive Shift Register and is 
ready to be read by the processor. If equal to zero. there 
is no new character in the Holding Register. This bit is 
cleared when the processor reads the Receive Data 
Holding Register or when the receiver is disabled by CR2. 
When set, the RxRDY output is low. 


The TxEMT/DSCHG bit, SR2, when set, indicates either 
a change of state of the DSR or DCD inputs or that the 
Transmit Shift Register has completed transmission of a 
character and no new character has been loaded into 
the Transmit Data Holding Register. Note that in syn- 








chronous mode this bit will be set even though the : 


appropriate “fill” character is transmitted. TxEMT will not 
go active until at least one character has been trans- 
mitted. It is cleared by loading the Transmit Data Hold- 


a 
Data Set 
Ready 


Data Carrier 


0=NORMAL 
1=OVERRUN 
ERROR 


-0=DCD INPUT 
ISHIGH 
1=DCD INPUT 


0=DSR INPUT 
IS HIGH 

1=DSRINPUT 
ISLOW 


ASYNCH: 
O0=NORMAL 
1=FRAMING 
ERROR 
SYNCH: 
O=NORMAL 
1=SYN CHAR 
DETECTED 


ISLOW 





ing Register. The DSCHG condition is enabled when 
TxEN = 1 or RxEN = 1. It is cleared when the Status Reg- 
ister is read by the processor. When SR2is set, the TXEMT/ 
DSCHG output is low. ; 

SR3, when set, indicates ‘a received parity error when 
parity is enabled by MR14. In synchronous transparent 
mode (MR16=1), with parity disabled, it indicates that 
acharacter matching the DLE Register has been received. 
However, only the first DLE of two successive DLEs will 
set SR3. This bit is cleared when the receiver is dis- 
abled and by the Reset Error command, CR4. 

The Overrun Error status bit, SR4, indicates that the 
previous character loaded into the Receive Holding 
Register was not read by the processor at the time a new 
received character was transferred into it. This bit is 
cleared when the receiver is disabled and by the Reset 
Error command, CR4. ae 
In asynchronous mode, bit SR5 signifies that the re- 
ceived character was not framed by the programmed 
number of stop bits. (if 1.5 stop bits are programmed, 
only the first stop bit is checked.) If the RHR contains all 
0’s when SR5=1, a break condition is present. In syn- 
chronous non-transparent mode (MR16=0), it indicates 
receipt of the SYN1 character in single SYN mode or the 
SYN1-SYN2 pair in double SYN mode. In synchronous 
transparent mode (MR16=1), this bit is set upon detec- 
tion of the initial synchronizing characters (SYN1 or 
SYN1-SYN2) and, after synchronization has been 
achieved, when a DLE-SYN1 pair is received. The bit is 
reset when the receiver is disabled, when the Reset Error 
command is given in asynchronous mode, or when the 
Status Register is read by the processor in the syn- 
chronous mode. era 
SR6 and SR7 reflect the conditions of the DCD and DSR 
inputs respectively. A low input sets the corresponding 
status bit and a high input clears it. 


PE/DLE Detect TxEMT/DSCHG | © RxRDY TxRDY 


O=TRANSMIT 
HOLDING 
REG BUSY 
1=TRANSMIT 
HOLDING 
REG EMPTY 


0=NORMAL 
1=CHANGE 
INDSROR 
DCD, OR 
TRANSMIT 
SHIFT REGIS- 
TERIS 
EMPTY 


O=RECEIVE 
HOLDING REG 
EMPTY 
1=RECEIVE 
HOLDING REG 
HAS DATA 


ASYNCH: 


O=NORMAL 
1=PARITY 


SYNCH: 


O=NORMAL 
1=PARITY 


DLE CHAR 
RECEIVED 


TABLE 8—STATUS REGISTER (SR) 
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TIMING DIAGRAMS 


TxRDY, TxEMT (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode]) 


Txt (tx) 


SYNCHRONOUS MODE 





ASYNCHRONOUS MODE 


NOTES 


A =Start bit 

B =Stop bit 1 

C =Stop bit 2 

D =TxD marking condition 


TxEMT goes low at the beginning of the last data bit, or, if parity is enabled, at the beginning of the parity bit. 


RxRDY (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode}) 


A$ _$§_—$§_ 
IGNORED 


SYNDET 
STATUS BIT 


SYNCHRONOUS MOOE 


READ READ 
STATUS RHR 
{DATA 1) 


AxADY 


ASYNCHRONOUS MODE 


OVERRUN 
STATUS BIT 


READ READ 
RHR RHR 
(DATA 1) (DATA 3) 
NOTES 


A = Start bit 

B =Stopbit1 

Cc =Stopbit2 

O = TxD marking condition 
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TIMING DIAGRAMS (Cont'd) 


BRCLK, Txc, Axc 


TRANSMIT RECEIVE 


1 BIT TIME 
(1, 16, OR 64 CLOCK PERIODS) - 


Txc 
(JNPUT) 


Fix€ (1x) 


Txc 
(OUTPUT) 


READ AND WRITE 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ....... cece cece cece ee ce eee nee ence ene e teen e eee e eee eeeeeeaene 0°C to + 70°C 
Storage Temperature Range: s.1c.cc:24i bh de dew ese cds a aiie Uiewiee Ved bee e dads oes Sede de eeeeeae se —55°C to +150°C 
Lead Temperature (soldering, 10 SCC.) 2... cc ccc cece cc ence eee ee teen e eee e eee e eee e tetera eeeees +325°C 
Positive Voltage on any Pin, with respect to Ground ....... cece cece ce eee eee eee cece eee e eee eeeeee +18.0V 
Negative Voltage on any Pin, with respect to ground ........ ccc cece cece cece eee teen eee ete eeeeenees —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it it important that the Absolute Maximum 
Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their 
outputs when the AC power is switched on and off. In addition, voltage transients on the AC power line may appear on the 
DC output. For example, the bench power supply programmed to deliver +12 volts may have large voltage transients when 
the AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 


DC ELECTRICAL CHARACTERISTICS Ta=0°C to +70°C, Vcc=5.0V +5% 





PARAMETER [| min {| typ | max | UNIT | ‘TEST CONDITIONS 
Input voltage 
Vin Low V 
Vin High 2.0 
Output voltage 
Vor Low V lo. =1.6mMA 
Vou High 2.4 lon=—100nA 
ln input leakage current pT to Vin=0 to 5.25V 
Output leakage current 
lo Data bus high 10 LA Vo=4.0V 
lov Data bus low 10 LA Vo=0.45V 
lec Power supply current es a 
Capacitance 
Cin Input 20 pF 
fe=1MHz 
Court Output 20 pF Unmeasured pins tied 
to ground 
Cio Input/Output 20 pF 


AC ELECTRICAL CHARACTERISTICS Ta=0°C to +70°C, Vec=5.0V +5% 





PARAMETER | min | typ | max | TEST CONDITIONS 
Pulse width 
tres Reset 
tce Chip enable 
Setup and hold time 
tas Address setup 
tan Address hold 
tes R/W control setup 
ton R/W control hold 
tos Data setup for write 
tox Data hold for write 
taxs Rx data setup 
taxH Rx data hold 
too Data delay time for read 250 C.=100pF 
tor Data bus floating time’ 
__for read 150 C.=100pF 
tceo CE to CE delay 700 
Input clock frequency 
feng Baud rate qenerator 1.0 5.0688 5.0738 
far TxC or Rx , dc 1.0 
Clock width 
tern Baud rate high 70 ns fang =5.0688MHz 
ter. | __ Baud rate low 70 ns fare = 5.0688MHz 
tar TxC or RxC high 500 ns 
tra’ TxC or RxC low 500 ns 
trxp TxD delay from falling 
edge of TxC 650 ns C.=100pF 
tres Skew between TxD 
changing and falling 
edge of TxC output ns C.=100pF 


NOTE: 
1. fa and tam shown for all modes except Local Loopback. For Local Loopback mode 
far=0.7 MHz and tar_=700ns min. 
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TYPICAL APPLICATIONS 


ASYNCHRONOUS INTERFACE 
TO CRT TERMINAL 


CONTROL BUS 


as ce eC 


DATA BUS 


rr a. | 


EIA TO TTL 
CONVERT 
(OPT) 


COM 2651 Li..---~-J 


$.0686 MHz 
CAT 
OSCILLATOR TERMINAL 


ASYNCHRONOUS INTERFACE 
TO TELEPHONE LINES — 


CONTROL BUS 


COM 2651 


5.0688 MHz : 
OSCILLATOR 
TELEPHONE 
LINE 


SYNCHRONOUS INTERFACE 
TO TERMINAL OR 
PERIPHERAL DEVICE 


ADDRESS BUS 
CONTROL BUS 


DATA BUS 


SYNCHRONOUS 
TERMINAL 
OR PERIPHERAL 
DEVICE 


COM 2651 


SYNCHRONOUS INTERFACE 
TO TELEPHONE LINES 


CONTROL BUS 


DATA BUS 


4 
ry 
o 


COM 2651 


ag add aa 


TELEPHONE 
LINE 





STANDARD MICROSYSTEMS circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
CORPORATION tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
SS information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
35 Marcus Bd, Hagpage Ny ies assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
(516) 273-3100 TWx-10-227-8898 devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 

at any time in order to improve design and supply the best product possible. 


STANDARD MICROSYSTEMS 


CORPORATION COW 2661-1 


COM 2661-2 
COM 2661-3 


[APC FAMILY 


Enhanced Programmable 
Communication Interface 
EPCI 






FEATURES 


L] Synchronous and Asynchronous Full Duplex or 
Half Duplex Operations 
L] Re-programmable ROM on-chip baud 
rate generator 
L] Synchronous Mode Capabilities 
— Selectable 5 to 8-Bit Characters 
—Selectable 1 or 2 SYNC Characters 
— Internal or External Character Synchronization 
— Transparent or Non-Transparent Mode 
— Transparent mode DLE stuffing (Tx) 
and detection (Rx) 
—Automatic SYNC or DLE-SYNC Insertion 
—SYNC, DLE and DLE-SYNC stripping 
— Odd, Even, or No Parity 
—Local or remote maintenance loop back mode 
LC} Asynchronous Mode Capabilities 
—Selectable 5 to 8-Bit Characters plus parity 
—3 Selectable Clock Rates (1X, 16X, 64X the 
Baud Rate) 
—Line Break Detection and Generation 
—1, 1%, or 2-Stop Bit Detection and Generation 
—False Start Bit Detection 
—Odd, Even, or No Parity 
-—Parity; Overrun, and framing érror detect 
—Local or remote maintenance loop back mode 
— Automatic serial echo mode (echoplex) 
CL] Baud Rates . 
—DC to 1.0M Baud (Synchronous) 
—DC to 1.0M Baud (1X, Asynchronous) © 
—DC to 62.5K Baud .(16X, Asynchronous) 
—DC to 15.625K Baud (64X, Asynchronous) 


PIN CONFIGURATION 


28D1 

27D0 

26 Vec 

25 RxC/BKDET 
24DTR 

23RTS 

22DSR 

21 RESET 

20 BRCLK 

19 TxD 

18 TXEMT/DSCHG 
17CTS 
16DCD 

15 TXRDY 


D2 
D3 
RxD 


D4 
D5 

D6 

D7 
TxC/XSYNC 
A110 

CE11 

A012 

R/W 13 

RxRDY 14 


1 
2 
3 
a 
5 
6 
7 
8 
9 


Package: 28-pin D.L-P. 


C] Double Buffering of Data 

(J RxC and TxC pins are short circuit protected 
LJ Internal or External Baud Rate Clock 

(13 baud rate sets (2661-1, -2, -3) 

[J 16 internal rates for each version 

LJ Single +5 volt Power Supply 

L] TTL Compatible 

L] No System Clock Required 

(1 Compatible with EPC! 2661 





GENERAL DESCRIPTION 


The COM 2661 is an MOS/LSI device fabricated 
using SMC's patented COPLAMOS® technology. 
It is an enhanced pin and register compatible 
version of the COM 2651 that meets the majority of 
asynchronous and synchronous data communica- 
tion requirements, by interfacing parallel digital 
systems to asynchronous and synchronous data 
communication channels while requiring a mini- 
mum of processor overhead. The COM2661 
contains a baud rate generator which can be 
programmed to either accept an external clock or 
to generate internal transmit or receive clocks. 
Sixteen different baud rates can be selected under 
program control when operating in the internal 
clock mode. Each version of the COM 2661 (-1, 
-2, -3) has a different set of baud rates. Custom 
baud rates can be ROM reprogrammed to accom- 
modate different baud rates and different starting 
frequencies. 


The COM 2661 is a Universal Synchronous/ 
Asynchronous Receiver/Transmitter (USART) 
designed for microcomputer system data com- 
munications. The USART is used as a peripheral 
and is programmed by the processor to com- 
municate in commonly used asynchronous and 
synchronous serial data transmission techniques 
including IBM Bi-Sync. The USART receives serial 
data streams and converts them into parallel. data 
characters for the processor. While receiving serial 
data, the USART will also accept data characters 
from the processor in parallel format, convert them 
to serial format and transmit. The USART will sig- 
nal the processor when it has completely received 
or transmitted a character and requires service. 
Complete USART status including data format 
errors and control signals is available to the 

processor at any time: 
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DATA BUS 
00-D7 


DATA BUS 


OPERATION CONTROL 


ROM 
RE-PROGRAMMABLE 
BAUD RATE 
GENERATOR 
AND 
CLOCK CONTROL 


MODEM 
CONTROL 


BUFFER | 


SYN/DLECONTROL . 


SYN 1 REGISTER : 
SYN 2 REGISTER 
DLE REGISTER 


TRANSMITTER 


TRANSMIT DATA 
HOLDING REGISTER 
TRANSMIT 
SHIFT REGISTER 


RECEIVER 


RECEIVE DATA 
HOLDING REGISTER 


RECEIVE 
SHIFT REGISTER 


COM 2661 ORGANIZATION 


The COM 2661 is organized into 6 major sections. 
Communication between each section is achieved via 
an internal data and control bus. The data bus buffer 
allows a processor access to all internal registers on the 
COM 2661. The differences between the COM 2661 and 
COM 2651 are outlined in table 1. 


Operation Control 

This functional block stores configuration and opera- 
tion commands from the processor and generates appro- 
priate signals to various internal sections to control the 
overall device operation. It contains read and write cir- 
cuits to permit communications with a processor via the 


data bus and contains Mode Registers 1 and 2, the . 


Command Register, and the Status Register. Details of 
register addressing and protocol are presented in the 
COM 2661 programming section of this specification. 
Timing 

The COM 2661 contains a Baud Rate Generator (BRG) 
which is programmable to accept external transmit or 
receive clocks or to divide an external clock to perform 


data communications. The unit can generate 16 com-: 


monly used baud rates, any one of which can be selected 
for full duplex operation. Tables 2a, b, and c illustrate all 
available baud rates. 
Receiver 


The Receiver accepts serial data on the RxD pin, con- 
verts this serial input to parallel format, checks for bits 
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or characters that are unique to the communication 
technique and stores the “assembled” character in the 
receive data holding register until read by the processor. 


Transmitter 


The Transmitter accepts parallel data from the processor, 
converts it to a serial bit stream, inserts the appropriate 
characters or bits (based on the communication tech- 
nique) and outputs a composite serial stream of data on 
the TxD output pin. 


Modem Control 


The modem control provides three output signals and 
accepts three input signals used for “handshaking” and 
Status indication between the COM 2661 and a modem. 


SYN/DLE Control 


This section contains control circuitry and three 8-bit 
registers storing the SYN1, SYN2, and DLE characters 
provided by the processor. These registers are used in 
the synchronous mode of operation to provide the 
characters required for synchronization, idle fill and 
data transparency. 


Interface Signals 


The COM 2661 interface signals can be grouped into 
two types: the processor-related signals (shown in Table 
3) which interface the COM 2661 to the processor, and 
the device-related signals (shown in Table 4), which are 
used to interface to the communications equipment. 


TABLE 3—PROCESSOR RELATED SIGNALS 





PIN NO. 


NAME 


SYMBOL 





FUNCTION 





1,2,5,6, 
7,8,27,28 


Data 


D7-DO 






Bidirectional; 8 bit, three state data bus used to transfer commands, data and status 
between the COM 2661 and a processor. D@ is the least significant bit; D7 is the most 
significant bit. 





10, 12 


Address 


Input; Address lines used to select COM 2661 registers. 
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Chip Enable 





Input; when this signal is low, the operation specified by the R/W, A1 and AQ will be 
performed. When this input is high, D7-9 are in the high impedance state. 
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Read/Write 









Input; Processor read/write direction control. This signal defines the direction of the 
data bus D7-0 when the COM 2661 is selected. D7-0 drives out (read) when this signal is 
low and accepts data input when this signal is high. The input only has meaning when 
the CE input is active. 





Receiver Ready 


RxRDY 












Output; This signal is the complement of Status Register bit 1 (SR1). When low, it 
indicates that the Receive Data Holding Register (RHR) has a character ready for input 
to the processor. It goes high when the RHR is read by the processor, and also when 
the receiver is disabled. It is an open drain output which can be used as an interrupt 
to the processor. 





Transmitter 
Ready 





Output; This signal is the complement of Status Register bit 0 (SRO). When low, it 
indicates that the Transmit Data Holding Register (THR) is ready to accept a data 
character from the processor. It goes high when the data characteris loaded. This output! 
is valid only when the transmitter is enabled. It is an open drain output which can be 
used as an interrupt to the processor. 










Transmitter 
empty/data 
set change 


TxEMT/ 
DSCHG 





Output; This signal is the complement of Status Register bit 2 (SR2). When low, it 
indicates that the transmitter has completed serialization of the last character loaded 
by the processor, or that a change of state of the DSR or DCD inputs has occurred. 
This output goes high when the Status Register is read by the processor, if the 
TxEMT condition does not exist. Otherwise, the THR must be loaded by the processor 
for this line to go high. It is an open drain output which can be used as an interrupt 
to the processor. 











Pnino.[ Name [wean 
8 [Resse oats | ead | 













Reset 


Reset 








Input; A high on this input performs a master reset on the COM 2661. This signal 
asynchronously terminates any device activity and clears the Mode, Command and 
Status registers. The device assumes the idle state and remains there until initialized 
with the appropriate control words. 









Supply Voltage 


Transmitter 
Clock/External 
Sync 


Vec 


+5 volts supply. 





Ground. 
TABLE 4—DEVICE RELATED SIGNALS 
FUNCTION 


Input; Serial data to the receiver. “Mark” is high “space” is low. 















Input or Output; If the external transmitter clock is programmed, this input controls 
the rate at which the character is transmitted. Its frequency is 1X, 16X or 64X, the Baud 
rate as programmed by Mode Register 1. The transmitted data changes on the falling 
edge of the clock. If the internal transmitter clock is programmed, this pin can bea 
1X/16X clock output or an externa! jam synchronization input. 





Data Carrier 
Detect 












Input; This signal must be low in order for the receiver to function. The complement 
appears in the Status Register bit 6 (SR6). DCD causes a low output on TXEMT/DSCHG 
when its state changes if CR2 or CRO=1. If DCD goes high while receiving, the RxC 

is internally inhibited. 





Clear to Send 










Input; This signal must be low in order for the transmitter to function. If it goes high 
during transmission, the character in the Transmit Shift Register will be transmitted 
before termination. 





Transmit Data 








Output; Serial data from the transmitter. “Mark” is high, “Space” is low. This signal is 
held in the “Mark” condition when the transmitter is disabled. 





Baud Rate Clock 









Input; Clock input to the internal baud rate generator (See Tables 2a, b and); not 
required if the external receiver and transmitter clocks are used. 








16 
7 
19 
20 
22 
24 





Data Set Ready 












Input; This genera! purpose signal can be used for Data Set Ready or Ring Indicator 
condition. Its complement appears as Status Register bit 7 (SR7). DSR causes a low 
output on TXEMT/DSCHG when its state changes if CR2 or CRO=1. 














Request to Send 


Data Terminal 
Ready 















Output; This general purpose signal is the complement of the Command Register bit 5 
(CRS). Itis normally used to indicate Request to Send. If the Transmit Shift Register is not! 
empty when CR5 is reset (1 to 0), then RTS will go high on TxC time after the last serial 
bit is transmitted. 











Output; This general purpose signal is the complement of the Command Register 
bit 1 (CR1). It is normally used to indicate Data Terminal Ready. 








25 










Receive Clock/ 
Break Detect 












Input or Output; If the external receiver clock is programmed, this input controls the 
rate at which the character is to be received. Its frequency is 1X, 16X, or 64X the Baud 
rate, as programmed by Mode Register 1. Data are sampled on the rising edge of the 
clock. If internal receiver clock is programmed, this pin can be a 1X/16X clock ora 
break detect output. 
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Table 1 COM 2661 vs. COM 2651 


1. MR2 Bit 6,7 
2. DLE detect-SR3 


Not used 
SR3=1 for DLE-DLE, 
OLE-SYNC1 


Receiver disable, or 
CR4=1 


Control pin 9, 25 
SR3=0 for DLE-OLE, 
OLE-SYNC1 


Second character after 
OLE: or receiver 
disable, or CR4=1 


One time command 


3. Reset of SA3, OLE 
detect 


Reset via CR3 on next 
TxRDY 


None 


4. Send OLE-CR3 


5. OLE stuffing in 
transparent mode 


Automatic DLE stuffing 
when DLE is loaded 
except if CR3=1 


ANSYNC1 


6. SYNC1 stripping 


First SYNC1 of pair 
in double sync 
non-transparent 
mode 

7, Baud rate versions 

8. Terminate ASYNC 
transmission 
(drop RTS) 


Three One 


Reset CR5 in response to} Reset CRO when TxEMT 
TxRDY changing from | goestrom 1 to0. Then 
Otol reset CRS when TxEMT 
goes from 0to1 
9. Break detect FE and null character 
10. Stop bit searched 
11. External jam sync 
12. Data bus timing 


13. Data bus drivers 


Pin25' 
One Two 
Pin9¢ No 
Improved over 2651 - 


Sink 2.2mA Sink t.6mA 
Source 400uA Source 100uA 





NOTES 
1, Internal BAG used tor AxC. 
2. Internal BRG used for TxC. 


Table 2a BAUD RATE GENERATOR CHARACTERISTICS 
2661-1 (BRCLK=4,9152MHz) 
























ACTUAL 
BAUD ". FREQUENCY PERCENT 

MR23-20 RATE 18X CLOCK ERROR _DIVISOR 
0000 50 O.8kHz - 6144 
0001 75 1.2 = 4096 
0010 110 1.7598 -0.01 2793 
0011 1345 2.152 - 2284 
0100 150 24 - 2048 
0101 200 32 _ 1536 
0110 300 48 - 1024 
0111 600 96 _- 512 
1000 1050 16.8329 0.196 292 
1001 1200 19.2 = 256 
1010 1800 28.7438 -0.19 171 
1011 2000 31.9168 0.26 154 
1100 2400 38.4 _ 128 
1101 4800 76.8 ~ 64 
1110 9600 153.6 - 32 
1111 19200 307.2 = 16 








Table 2b BAUD RATE GENERATOR CHARACTERISTICS 
2661-2 (BRCLK=4.9152MHz) 
ACTUAL 








FREQUENCY PERCENT 
MR23-20 RATE 16X CLOCK ERROR OIVISOR 

0000 45.5 0.7279kHz 0.005 6752 
0001 50 08 = 6144 
0010 78 1.2 — 4096 
0011 110 1.7598 -0.01 2793 
0100 134.5 2.152 = 2284 
0101 150 24 2048 
0110 300 48 = 1024 
0111 600 96 ae $12 
1000 1200 19.2 = 256 
1001 1800 28.7438 -0.19 171 
1010 2000 31.9168 -0.26 154 
1011 2400 38.4 = 128 
1100 4800 76.8 - 64 

1101 9600 153.6 - 32 

1110 19200 307.2 = 16 

1111 38400 614.4 =_ 8 





Table 2c BAUD RATE CHARACTERISTICS 
2661-3 (BRCLK=5.0688MHz) 














ACTUAL 
BAUD FREQUENCY PERCENT 
MR23-20 AATE 16X CLOCK ERROR DIVISOR 
0000 50 0.8kHz 
0001 76 12 
0010 110 1.76 
0011 134.5 2.1523 
0100 150 24 
0101 300 48 
0110 600 96 
0111 1200 19.2 
1000 1800 28.8 
1001 2000 32.081 
1010 2400 38.4 
1011 3600 $7.6 
1100 4800 76.8 
1101 7200 115.2 
1110 9600 153.6 
1111 316.8 


_19200 





NOTE 
16X clock is used In asynchronous mode. In synchronous mode, clock multiplier is 1X and 
BRG can be used only for TxC. 


COM 2661 OPERATION 


The functional operation of the COM 2661 is programmed 
by a set of control words supplied by the processor. 
These control words specify items such as synchronous 
or asynchronous mode, baud rate, number of bits per 
character, etc. The programming procedure is described 


in the COM 2661 Programming section of this data sheet. — 


After programming, the COM 2661 is ready to perform 
the desired communications functions. The receiver 
performs serial to parallel conversion of data received 
from a modem or equivalent device. The transmitter 
converts parallel! data received from the processor to a 
serial bit stream. These actions are accomplished within 
the framework specified by the control words. 
Receiver 


The COM 2661 is conditioned to receive data when the 
DCD input is low and the RxEN bit in the command 
register is true. In the asynchronous mode, the receiver 
looks for a high to low (mark to space) transition of the 
start bit on the RxD inputline. If a transition is detected, 
the state of the RxD line is sampled again after a delay of 
one-half of a bit time. If RxD is now high, the search for 
a valid start bit is begun again. If RxD is still low, a valid 
start bit is assumed and the receiver continues to sample 
the input line at one bit time intervals until the proper 
number of data bits, the parity bit, and one stop bit have 
been assembled. The data is then transferred to the 
Receive Data Holding Register, the RxRDY bit in the 
status register is set, and the RxRDY output is asserted. 
If the character length is less than 8 bits, the high order 
unused bits in the Holding Register are set to zero. The 
Parity Error, Framing Error, and Overrun Error status 
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bits are strobed into the status register on the positive 
going edge of RxC corresponding to the received char- 
acter boundary. If the stop bit is present, the receiver will 
immediately begin its search for the next start bit. If the 
stop bit is absent (framing error), the receiver will inter- 
pret a space as a start bit if it persists into the next bit 
time interval. If a break condition is detected (RxD is 
low for the entire character as well as the stop bit), only 
one character consisting of all zeros (with the Framing 
error status bit set) will be transferred to the Holding 
Register. The RxD input must return to a high condition 
before a search for the next start bit begins. 


Pin 25 can be programmed to be a break detect output 
by appropriate setting of MR27-MR24. If so, a detected 
break will cause that pin to go high. When RxD returns to 
mark for one RxC time, pin 25 will go low. Refer to the 
break detection timing diagram. 


When the COM 2661 is initialized into the syachvonols 
mode, the receiver first enters the hunt mode on a Oto 1 
transition of RxEN (CR2). In this mode, as data is shifted 
into the Receiver Shift Register a bit at a time, the con- 
tents of the register are compared to the contents of the 
SYN register. If the two are not equal, the next bit is 
shifted in and the comparison is repeated. When the two 
registers match, the hunt mode is terminated and char- 
acter assembly begins. If the single SYN operation is 
programmed, the SYN DETECT status bitis set. lf double 
SYN operation is programmed, the first character assem- 
bled after SYN1 must be SYN2 in order for the SYN 
DETECT bit to be set. Otherwise, the COM 2661 returns 
to the hunt mode. (Note that the sequence SYN1-SYN1- 


SYN2 will not achieve synchronization). When syn- 


chronization has been achieved, the COM 2661 con- — 


tinues to assemble characters and transfers them to the 
Holding Register. The RxRDY status bit is set and the 
RxRDY output is asserted each time a character is assem- 
bled and transferred to the Holding Register. The Overrun 
error (OE) and Parity error (PE) status bits are set as 
appropriate. Further receipt of the proper SYN sequence 
sets the SYN DETECT status bit. If the SYN stripping 
mode is commanded, SYN characters are not trans- 
ferred to the Holding Register. Note that the SYN char- 
acters used to establish initial synchronization are not 
transferred to the Holding Register in any case. 


External jam synchronization can be achieved via pin 9 
by appropriate setting of MR27-MR24. When pin 9 is an 
XSYNC input, the internal SYN1, SYN1-SYN2, and DLE- 
SYN1 detection is disabled. Each positive going signal 
on XSYNC will cause the receiver to establish synchro- 
nization on the rising edge of the next RxC pulse. 
Character assembly will start with the RxD input at this 
edge. XSYNC may be lowered on the next rising edge of 
RxC. This external synchronization will cause the SYN 
DETECT status bit to be set until the status register is 
read. Refer to XSYNC timing diagram. 


Transmitter 


The COM 2661 is conditioned to transmit data when the 
CTS input is low and the TxEN command register bit is 
set. The COM 2661 indicates to the processor that it can 
accept a character for transmission by setting the 
TxRDY status bit and asserting the TxRDY output. When 
the processor writes a character into the Transmit Data 
Holding Register, the TxRDY status bit is reset and the 
TxRDY output is returned to a high (false) state. Data 
is transferred from the Holding Register to the Transmit 
Shift Register when it is idle or has completed trans- 
mission of the previous character. The TxRDY condi- 
tions are then asserted again. Thus, one full character 
time of buffering is provided. 


In the asynchronous mode, the transmitter automatically 
sends a start bit followed by the programmed number 
of data bits, the least significant bit being sent first. It then 
appends an optional odd or even parity bit and the pro- 
grammed number of stop bits. If, following transmission 
of the data bits, a new character is not available in the 
Transmit Holding Register, the TxD output remains in 
the marking (high) condition and the TxEMT/DSCHG 
output and its corresponding status bit are asserted. 
Transmission resumes when the processor loads a new 
character into the Holding Register. The transmitter can 
be forced to output a continuous low (BREAK) condi- 
tion by setting the Send Break command bit high. 


in the synchronous mode, when the COM 2661 is initially 
conditioned to transmit, the TxD output remains high and 
the TxRDY condition is asserted until the first character to 
be transmitted (usually a SYN character) is loaded by the 
processor. Subsequent to this, a continuous stream of 
characters is transmitted. No extra bits (other than parity, 
if commanded) are generated by the COM 2661 unless the 
processor fails to send a new character to the COM 2661 
by the time the transmitter has completed sending the 
previous character. Since synchronous communication 
does not allow gaps between characters, the COM 2661 
asserts TXEMT and automatically “fills’ the gap by 
transmitting SYNis, SYN1-SYN2 doublets, or DLE-SYN1 
doublets, depending on the state of MR16 and MR17. 
Normal transmission of the message resumes when a new 
character is available in the Transmit Data Holding 
Register. If the SEND DLE bit in the command register is 
true, the DLE character is automatically transmitted 
prior to transmission of the message character in the 
transmit holding register. 
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COM 2661 PROGRAMMING 


Prior to initiating data communications, the COM 2661 
operational mode must be programmed by performing 
write operations to the mode and command registers. 
In addition, if synchronous operation is programmed, 
the appropriate SYN/DLE registers must be loaded. The 
COM 2661 can be reconfigured at any time during pro- 
gram execution. A flow chart of the initialization process 
appears in Figure 1. 


The internal registers of the COM_2661 are accessed by 
applying specific signals to the CE, R/W, A1 and AO 
inputs. The conditions necessary to address each register 
are shown in Table 5. 


The SYN1, SYN2, and DLE registers are accessed by 
performing write operations with the conditions A1=0O, 
AO=1, and R/W=1. The first operation loads the SYN1 
register. The next loads the SYN2 register, and the third 
loads the DLE register. Reading or loading the mode 
registers is done in a similar manner. The first write (or 
read) operation addresses Mode Register 1, and a sub- 
sequent operation addresses Mode Register 2. If more 


COM 2661 INITIALIZATION FLOW CHART 


INITIAL RESET 


LOAD 
MODE REGISTER 1 
NOTE 
LOAD Mode Register 1 must be written 
MODE REGISTER 2 | before 2 can be written. Mode Register 2 


need not be programmed if external 
clocks are used. 


NOTE 

SYN1 Register must be written 
before SYN2 can be written, and 
SYN2 before DLE can be written. 


Y 
LOAD 
SYN 1 REGISTER 


DOUBLE N 
> TRANSPARENT 
MODE? 


LOAD E 
SYN 2 REGISTER 


LOAD 
DLE REGISTER 


r 
4 


e— = — em ome 


! OPERATE | 


ee | 


Y 
DISABLE RECEIVER 
AND TRANSMITTER 











than the required number of accesses are made, the 
internal sequencer recycles to point at the first register. 
The pointers are reset to SYN1 Register and Mode 
Register 1 by a RESET input or by performing a “Read 
Command Register” operation, but are unaffected by any 
other read or write operation. 


The COM 2661 register formats are summarized in 
Tables 6, 7, 8 and 9. Mode Registers 1 and 2 define the 
general operational characteristics of the COM 2661, 
while the Command Register controls the operation 
within this basic framework. The COM 2661 indicates 
its status in the Status Register. These registers are 
cleared when a RESET input is applied. 


SL en et Lee ene Re ete ee +8 


Table 6 illustrates Mode Register 1. Bits MR11 and MR10 
select the communication format and Baud rate multi- 
plier. 00 specifies synchronous mode and 1X multiplier. 
1X, 16X, and 64X multipliers are programmable for 
asynchronous format. However, the multiplier in asyn- 
chronous format applies only if the external clock input 
option is selected by MR24 or MR25. 


MR13 and MR12 select a character length of 5, 6, 7, or 8 
bits. The character length does notinclude the parity bit, 
if programmed, and does not include the start and stop 
bits in asynchronous mode. 


MR14 controls parity generation. If enabled, a parity bit 
is added to the transmitted character and the receiver 
performs a parity check on incoming data. MR15 selects 
odd or even parity when parity is enabled by MR14. 


MODE REGISTER 1 (MR1) 


fce | ar | ao | Rw | FUNCTION | 


Tri-state data bus 
Read receive holding register 
_. Write transmit holding register 
Read status register 
Write SYN1/SYN2/DLE registers 
Read mode registers 1 and 2 
Write mode registers 1 and 2 
Read command register 
Write command register 












oooooo°oo- 
—-~ AA HOODOO XK 
- = 00+ +-+00X 
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NOTE 
See AC Characteristics section for timing requirements. 


Table 5—COM 2661 REGISTER ADDRESSING 


In asynchronous mode, MR17 and MR16 select character 
framing of 1, 1.5, or 2 stop bits (if 1X baud rate is pro- 
grammed, 1.5, stop bits defaults to 1 stop bits on trans- 
mit). In synchronous mode, MR17 controls the number 
of SYN characters used to establish synchronization 
and for character fill when the transmitter is idle. SYN1 
alone is used if MR17=1, and SYN1-SYN2 is used when 
MR17=0. If the transparent mode is specified by MR16, 
DLE-SYN1 is used for character fill and SYN Detect, but 
the normal synchronization sequence is used. When 
transmitting, a DLE character in the transmit holding 
register will cause a second DLE character to be trans- 
mitted. This DLE stuffing eliminates the software DLE 
compare and stuff on each transparent mode data char- 
acter. If the send DLE command (CR3) is active when a 
DLE is loaded into THR, only one additional DLE will be 
transmitted. Also DLE stripping and DLE Detect (with 
MR14=0) are enabled. 


Sync/Asyne Parity Type Character Length Mode and Baud Rate Factor 


ASYNCH: STOP BIT LENGTH 
00=INVALID 

01=1 STOP BIT 

10=1% STOP BITS 

11=2 STOP BITS 


SYNCH: NUMBER 
OF SYN CHAR 


0=DOUBLE SYN 
1=SINGLE SYN 


SYNCH: TRANS- 
PARENCY CONTROL 

O0=NORMAL 

1=TRANSPARENT 


0=DISABLED 
1=ENABLED 





00=5 BITS 
01=6 BITS 
10=7 BITS 
11=8 BITS 


00=SYNCHRONOUS 1X RATE 
01=ASYNCHRONOUS 1X RATE 
10=ASYNCHRONOUS 16X RATE 
11=ASYNCHRONOUS 64X RATE 


NOTE Baud rate factor in asynchronous applies only if external clock is selected. Factor is 16X if 


internal clock is selected. Mode must be selected (MR11, MR10} in any case. 





Table 7 illustrates mode register 2 (MR23, MR22, MR21 
and MR20 control the frequency of the internal baud rate 
generator (BRG). Sixteen rates are selectable for each 
COM 2661 version (-1, -2, -3). Version 1 and 2 speci- 
fy a 4.9152 MHz TTL input at BRCLK (pin 20); version 
3 specifies a 5.0688 MHz input which is identical to the 
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MODE REGISTER 2 (MR2) 


TABLE 6—MODE REGISTER 1 (MR1) 


COM 2651. MR23-20 are don’t cares if external clocks 
are selected (MR25-24=0). The individual rates are 
given in table 2a, b and c. 

MR24-MR27 select the receive and transmit clock source 
(either the BRG or an external input) and the function 
at pins 9 and 25. Refer to table 7. 


TxC RxC Ping Pin 25 TxC 


E E 
E I 
| E 
I I 
E E 
E I 
| E 
| I 


--mnm—-—-mm 


NOTES 


1. When pin 9 is programmed as XSYNC input, SYN1, SYN1-SYN2, and DLE-SYN1 detection is disabied. 





Pin 9 Pin 25 Mode Baud Rate Selection 


XSYNC'! RxC/TxC sync 
TxC BKDET async 
XSYNC' RxC sync 
1X BKDET async 
XSYNC' RxC/TxC sync 
TxC BKDET async 
XSYNC' RxC sync 
16X BKDET async 


See baud rates in table 2 


E=External clock |—Internal clock (BRG) 
1X and 16X are clock outputs 


TABLE 7—MODE REGISTER 2 (MR2) 
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COMMAND REGISTER (CR) 


_. Table 8 illustrates the Command Register. Bits CRO (TxEN) 
and CR2 (RxEN) enable or disable the transmitter and 
receiver respectively. A 0 to 1 transition of CR2 forces 
start bit search (async mode) or hunt mode (sync mode) 
on the second RxC rising edge. Disabling the receiver 
causes RxRDY to go high (inactive). If the transmitter is 
disabled, it will complete the transmission of the character 
in the Transmit Shift Register (if any) prior to terminat- 
ing operation. The TxD output_will then remain in the 
marking state (high while the TxRDY and TxEMT will 
go high (inactive). If the receiver is disabled, it will termi- 
nate operation immediately. Any character being assem- 
bled will be neglected. Bits CR1 (OTR) and CRS (RTS) 
control the DTR and RTS outputs. Data at the outputs 
are the logical complement of the register data. 


In asynchronous mode, setting CR3 will force and hold 
the TxD output low (spacing condition) at the end of the 
current transmitted character. Normal operation resumes 
when CR3 is cleared. The TxD line will go high for atleast 
one bit time before beginning transmission of the next 
character in the Transmit Data Holding Register. In syn- 
chronous mode, setting CR3 causes the transmission 
of the DLE register contents prior to sending the char- 
acter in the Transmit Data Holding Register. Since this is 
a one time command, CR3 does not have to be reset by 
software. CR3 should be set when entering and exiting 
transparent mode and for all DLE—non-DLE char- 
acter sequences. 


Setting CR4 causes the error flags in the Status Register 
(SR38, SR4, and SR5) to be cleared. This is a one time 
command. There is no internal latch for this bit. When 
CR85 (RTS) is set, the RTS pin is forced low and the trans- 
mit serial logic is enabled. A 1 to 0 transition of CR65 will 
cause RTS to go high (inactive) one TxC time after the 
last seria! bit has been transmitted (if the transmit shift 
register was not empty). 


The COM 2661 can operate in one of four sub-modes 
within each major mode (synchronous or asynchronous). 
The operational sub-mode is determined by CR7 and 
CR6. CR7-CR6=—00 is the normal mode, with the trans- 
mitter and receiver operating independently in accor- 
dance with the Mode and Status Register instructions. 


In asynchronous mode, CR7-CR6=01 places the COM 
2661 in the Automatic Echo mode. Clocked, regenerated 
received data are automatically directed to the TxD line 
while normal receiver operation continues. The receiver 
must be enabled (CR2=1), but the transmitter need not 
be enabled. Processor to receiver communications con- 
tinue normally, but the processor to transmitter link 
is disabled. Only the first character of a break condi- 
tion is echoed. The TxD output will go high until the 
next valid start is detected. The following conditions 
are true while in Automatic Echo mode: 

1. Data assembled by the receiver are automatically 








00 =NORMAL OPERATION 
01=ASYNCH: AUTOMATIC 
ECHO MODE 
SYNCH: SYN AND/OR 
OLE STRIPPING MODE 


0 FORCE RTS 
OUTPUT HIGH 
ONE CLOCK 
TIME AFTER 
TxSR SERIAL- 


O0=NORMAL 
1=RESET 
ERROR FLAG 
IN STATUS 
(FE, OE, 


10=LOCAL LOOP BACK 
11=REMOTE LOOP BACK 


OUTPUT LOW 


PE/DLE DETECT) 


placed in the Transmit Holding Register and retrans- 
mitted by the transmitter on the TxD output. 

2. The transmitter is clocked by the receive clock. 

3. TxXRDY output=1. 

4. The TXEMT/DSCHG pin will reflect only the data set 
change condition. 

5. The TXEN command (CRO) is ignored. 


In synchronous mode, CR7-CR6=01 places the COM 
2661 in the Automatic SYN/DLE Stripping mode. The 
exact action taken depends on the setting of bits MR17 
and MRI16: 

1. In the non-transparent, single SYN mode (MR17- 
MR16=10), characters in the data stream matching 
SYN1 are not transferred to the Receive Data Holding 
Register (RHR). 

2. In the non-transparent, double SYN mode (MR17- 
MR16=00), characters in the data stream matching 
SYN1, or SYN2 if immediately preceded by SYN1, are 
not transferred to the RHR. 

3. In transparent mode (MR16=1), characters in the 
data stream matching DLE, or SYN1 if immediately 
preceded by DLE, are not transferred to the RHR. 
However, only the first DLE of a DLE-DLE pair is 
stripped. 


Note that Automatic Stripping mode does not affect the 
setting of the DLE Detect and SYN Detect status bits 
(SR3 and SR6). 


Two diagnostic sub-modes can also be configured. In 

Local Loop Back mode (CR7-CR6=10), the following 

loops are connected internally: 

1. The transmitter output is connected to the receiver 
input. pa eedeess . 

2. DTR is connected to DCD and RTS is connected t 
CTS. 

3. The receiver is clocked by the transmit clock. 

4. The DTR, RTS and IxD outputs are held high. 

5. The CTS, DCD, DSR and RxD inputs are ignored. 

Additional requirements to operate in the Local Loop 

Back mode are that CRO (TxEN), CR1i (DTR), and CR5 

(RTS) must be set to 1. CR2 (RxEN) is ignored by the 

COM 2661. 


The second diagnostic mode is the Remote Loop Back 
mode (CR7-CR6=11). In this mode: 





- 1. Data assembled by the receiver is automatically 


placed in the Transmit Holding Register and retrans- 
mitted by the transmitter on the TxD output. 

. The transmitter is clocked by the receive clock. 

. No data are sent to the local processor, but the error 
status conditions (PE, OE, FE) are set. 

. The RxRDY, TxRDY, and TXEMT/DSCHG outputs are 
held high. 

. CR1 (TXEN) is ignored. 

. All other signals operate normally. 





ona F- WP 





OO 
Request to Receive Data Terminal Transmit 
mene meee silt oe Control (RxEN) Ready Control (TxEN) 


ASYNCH: 

FORCE BREAK 

O=NORMAL 

1=FORCE 
BREAK 

SYNCH: 

SEND DLE 


O=NORMAL 
1=SEND DLE 


0=FORCE DTR 
OUTPUT HIGH 
1=FORCE DTR 
OUTPUT Low 


0=DISABLE 
1=ENABLE 


0=DISABLE 
1=ENABLE 


TABLE 8— COMMAND REGISTER (CR) 
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STATUS REGISTER (SR) 


The data contained in the Status Register (as shown in 
Table 9) indicate receiver and transmitter conditions and 
modem/data set status. 


SRO is the Transmitter Ready (TxRDY) status bit. It, and 
its corresponding output, are valid only when the trans- 
mitter is enabled. If equal to 0, it indicates that the 
Transmit Data Holding Register has been loaded by the 
processor and the data has not been transferred to the 
Transmit Shift Register. If set equal to 1, it indicates that 
the Holding Register is ready to accept data from the 
processor. This bit is initially set when the Transmitter 
is enabled by CRO, unless a character has previously 
been loaded into the Holding Register. It is not set when 
the Automatic Echo or Remote Loop Back modes are 
programmed. When this bit is set, the TxRDY output pin 
is low. In the Automatic Echo and Remote Loop Back 
modes, the output is held high. 


SR1, the Receiver Ready (RxRDY) status bit, indicates 
the condition of the Receive Data Holding Register. If set,it 
indicates that a character has been loaded into the 
Holding Register from the Receive Shift Register and is 
ready to be read by the processor. If equal to zero, there 
is no new character in the Holding Register. This bit is 
cleared when the processor reads the Receive Data 
Holding Register or when the receiver is disabled by CR2. 
When set, the RxRDY output is low. 


The TXEMT/DSCHG bit, SR2, when set, indicates either 
a change of state of the DSR or DCD inputs (when CR2 
or CRO=1) or that the Transmit Shift Register has com- 
pleted transmission of a character and no newcharacter 
has been loaded into the Transmit Data Holding Register. 
Note that in synchronous mode this bit will be set even 
though the appropriate “fill” character is transmitted. 
TxEMT will not go active until at least one character has 
been transmitted. It is cleared by loading the Transmit 
Data Holding Register. The DSCHG condition is enabled 
when TxEN=1 or RxEN=1. It is cleared when the status 


ee ee ee 





Data Set Oata Carrier 


0=DCD INPUT 
IS HIGH 

1=DCD INPUT 
1S LOW 


0=0DSR INPUT 
1S HIGH 

1=DSR INPUT 
IS LOW 


O0=NORMAL 
1=OVERRUN 
ERROR 


ASYNCH: 
0=NORMAL 
1=FRAMING 
ERROR 
SYNCH: 
O0=NORMAL 
1=SYN CHAR 
DETECTED 





register is read by the processor. If the status register is 
read twice and SR2=1 while SR6 and SR7 remain 
unchanged, then a TXEMT condition exists. When SR2 is 
set, the TXEMT/DSCHG output is low. 


SR3, when set, indicates a received parity error when: 
parity is enabled by MR14. In synchronous transparent 
mode (MR16=1), with parity disabled, it indicates that 
a character matching the DLE Register has been received, 
and the present character is neither SYN1 nor DLE. This 
bit is cleared when the next character following the 
above sequence is loaded into the Receive Data Holding 
Register, when the receiver is disabled, or by a reset 
error command, CR4. 


The Overrun Error status bit, SR4, indicates that the 
previous character loaded into the Receive Holding 
Register was not read by the processor at the time a new 
received character was transferred into it. This bit is 
cleared when the receiver is disabled and by the Reset 
Error command, CR4. 


In asynchronous mode, bit SR5 signifies that the re- 
ceived character was not framed by a stop bit, i.e., only 
the first stop bit is checked. If the RHR contains all 
0’s when SR5=1, a break condition is present. In syn- 
chronous non-transparent mode (MR16=0), it indicates 
receipt of the SYN1 character in single SYN mode or the 
SYN1-SYN2 pair in double SYN mode. In synchronous 
transparent mode (MR16=1), this bit is set upon detec- 
tion of the initial synchronizing characters (SYN1 or 
SYN1-SYN2) and, after synchronization has been 
achieved, when a DLE-SYN1 pair is received. The bit is 
reset when the receiver is disabled, when the Reset Error 
command is given in asynchronous mode, or when the 
Status Register is read by the processor in the syn- 
chronous mode. 


SR6 and SR7 reflect the conditions of the DCD and DSR 
inputs respectively. A low input sets the corresponding 
status bit and a high input clears it. 


PE/DLE Detect TxEMT/DSCHG RxRDY TxRDY 


0=NORMAL O=RECEIVE ‘| O=TRANSMIT 
1=CHANGE HOLDING REG | HOLDING 
INDSR OR EMPTY REG BUSY 
DCD. OR 1=RECEIVE 1=TRANSMIT 
TRANSMIT HOLDING REG | HOLDING 
SHIFT REGIS- HAS DATA REG EMPTY 
TERIS 

EMPTY 


ASYNCH: 

O=NORMAL 

1=PARITY 
ERROR 

SYNCH: 

0=NORMAL 

1=PARITY 
ERROR 

OR 


DLE CHAR 
RECEIVED 


TABLE 9—STATUS REGISTER (SR) 
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TIMING DIAGRAMS 


TxRDY, TxEMT (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode}) 


Tx (1X) 


SYNCHRONOUS MODE 


DATA 4 


ASYNCHRONOUS MODE 


A =Start bit 

B =Stop bit 1 

C =Stop bit 2 

D =TxD marking condition 


TxEMT goes tow 1t the beginning of the last data bit. or, if parity is enabled, at the beginning of the parity bit. 


RxRDY (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode]) 


———$—$ $$ — $$ 
IGNORED 


SYNOET 
STATUS BIT 


SYNCHRONOUS MODE 


READ READ 
STATUS STATUS 


RxROY 


ASYNCHRONOUS MODE 


OVERRUN 
STATUS BIT 


(DATA 3) 
NOTES 


A =Start bit 

B =Stopbit 1 

C =Stopbit 2 

D = TxD marking condition 
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TIMING DIAGRAMS (Contd) 


BRCLK, TxC, RxC 


TRANSMIT RECEIVE 


1 BIT TIME 
(1, 16, OR 64 CLOCK PERIODS) > 


Txc 
(INPUT) 


Axe (1X) 


Tc 
(OUTPUT) 


EXTERNAL SYNCHRONIZATION WITH XSYNC 


RE 
AP Re SRO t tes - XSYNC SETUP TIME — 300ns 
ty ~XSYNC HOLD TIME. ONE RxC 


tan CHARACTER ASSEMBLY 


BREAK DETECTION TIMING 


Rx CHARACTER - 5 BITS, NO PARITY 


a a 
LOOK FOR START BIT - LOW(IF RxD IS HIGH, 
LOOK FOR HIGH TO LOW TRANSITION) 


RxD FFALse START BIT CHECK MADE (RxD Low)! 
‘ 


Do-D7 BUS 
“(READ) FLOATING MISSING STOP BIT 
DETECTED 


SET FE BIT* pelea a MISSING STOP BIT DETECTED, 

SET FE BIT. 

0 -RHA, ACTIVATE RxRDY. 

SET BKDET PIN. 

NOTE RxD INPUT -RxSR UNTIL A MARK 

*If the stop bit is present, the start bit TO SPACE TRANSITION OCCURS. 
search will commence immediately. 


SAMPLED 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ........ cece cee cee cee eee e nee e ene e beens eee e eee teenees 0°C to + 70°C 
Storage: Temperature Range: 26sec ees cane ba oes cunen chew cdede g's Hlse bia cal ouke wane detee ees —55°C to +150°C 
Lead Temperature (Soldering, 10 SEC.) 2.6... cee cece cee cee eee cence eee e cette teen teen ee eeeeeneennees +325°C 
Positive Voltage on any Pin, with respect to GQrOUNd ........ cece cece ee cee eee cette eet te ee eteeneeeenses +18.0V 
Negative Voltage on any Pin, with respect to QroUNd ........ cee cc cece ence cence ete nsec eaeeeeees —0.3V 


“Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it it important that the Absolute Maximum 
Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their 
outputs when the AC power is switched on and off. In addition, voltage transients on the AC power line may appear on the 
DC output. For example, the bench power supply programmed to deliver +12 volts may have large voltage transients when 
the AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 


DC ELECTRICAL CHARACTERISTICS Ta=0°C to + 70°C, Vec=5.0V +5% 

































PARAMETER UNIT TEST CONDITIONS 
Input voltage , 
Vic Low V 
Vin High 
Output voltage 
VoL Low V lo.=2.2mA 
Vou High lon= —400yuA 
hie Input leakage current uA Vin=0 to 5.5V 
Output leakage current 
tL Data bus high uA Vo=4.0V 
ee Data bus low uA Vo=0.45V 
loc Power supply current 
Capacitance 
Cin Input fe=1MHz 
Cout Output Unmeasured pins tied 
Cio Input/Output to ground 


AC ELECTRICAL CHARACTERISTICS Ta=0°C to + 70°C, Vec=5.0V+5% 


PARAMETER | min | typ | max | uNIT TEST CONDITIONS 


Pulse width 
tres Reset 1000 ns 
tce Chip enable 250 ns 




















Setup and hold time 
tas Address setup 10 ns 
tan Address hold 10 ns 
tes R/W control setup 10 ns 
tou R/W control hold 10 ns 
tos Data setup for write 150 ns 
tox Data hold for write 0 ns 
trxs Rx data setup 300 ns 
taxH Rx data hold 350 ns 
too Data delay time for read 200 ns C,.= 150 pF 
tor Data bus floating time 
__for read 100 ns C.=150pF 
tceo CE to CE delay 600 ns 
Input clock frequency 
fara Baud rate generator 1.0 4.9152 4.9202 MHz 
(2661-1, -2) 
ferc Baud rate generator 1.0 5.0688 5.0738 MHz 
__ (2661-3) 
far TxC or RxC dc 1.0 MHz 
Clock width 
tery Baud rate high 75 ns faac=4.915MHz; measured 
(2661-1, -2) at Vin 
ter Baud rate high 70 ns feac=5.0688MHz; measured 
(2661-3) at Vin 
terL Baud rate low 75 ns fpac= 4.915MHz; measured 
(2661-1, -2) at Vic 
tear Baud rate low 70 ns farc—5.0688MHz; measured 
—__. (2661-3) at Vic 
tra tH Ix or RxC high 480 ns 
tate TxC or RxC low 480 ns 
tixo TxD delay from falling 
edge of TxC 650 ns C.= 150 pF 
tres Skew between TxD 
changing and falling 
edge of TxC output 0 ; ns C.= 150 pF 
NOTE: 


1. fa and tar. shown all modes except Local Loopback. For Local Loopback mode 
frat=0.7MHz and ta =/700ns min. 
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TYPICAL APPLICATIONS 


ASYNCHRONOUS INTERFACE De ERAN ALOE. Sie 
TO CRT TERMINAL 


CONTROL BUS 


PERIPHERAL DEVICE 


ADORESS BUS ADORESS BUS ‘ 


OATA BUS 


EIA TO TTL 
CONVERT 


COM 2661 


5.0688 MHz CAT 
OSCILLATOR TERMINAL 


SYNCHRONOUS 
TERMINAL 


COM 2661 OR PERIPHERAL 
DEVICE 


ASYNCHRONOUS INTERFACE SYNCHRONOUS INTERFACE 
TO TELEPHONE LINES TO TELEPHONE LINES 


TT 


CONTROL BUS 


COM 2661 


5.0688 MHz 
OSCILLATOR 


STANDARD MICROSYSTEMS 
CU — 


35 Marcus Blvd . Hauppauge. NY 11788 
(516) 273-3100 TWX. 510-227-8898 


We keep ahead of our competition so you can keep ahead of yours. 


CONTROL BUS 


DATA BUS 


COM 2661 


TELEPHONE TELEPHONE 
LINE LINE 





Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION 





COM 5025 


[LPC FAMILY 


| Multi-Protocol 
Universal Synchronous Receiver/Transmitter 


FEATURES 


O Selectable Protocol—Bit or Byte oriented 
O Direct TTL Compatibility 

O Three-state Input/Output BUS 

CX Processor Compatible—8 or 16 bit 


0 High Speed Operation—1.5 M Baud—typical 
CO Fully Double Buffered—Data, Status, and Control Registers 
OC Full or Half Duplex Operation—independent Transmitter and 
Receiver Clocks 
— individually selectable data 
length for Receiver and 


Transmitter 


0 Master Reset—resets all Data, Status, and Control Registers 


O Maintenance Select—built-in self checking 


BIT ORIENTED PROTOCOLS—SDLC, HDLC, ADCCP 

0 Automatic bit stuffing and stripping 

0 Automatic frame character detection and generation 

Cj Valid message protection—a valid received message is 

protected from overrun 

0 Residue Handling—for messages which terminate with a 
partial data byte, the number of valid 
data bits is available 


SELECTABLE OPTIONS: 

O Variable Length Data—1 to 8 bit bytes 

0 Error Checking—CRC (CRC16, CCITT-O, or CCITT-1) 
——None 

CO Primary or Secondary Station Address Mode 

Q All Parties Address—APA 

O Extendable Address Field—to any number of bytes 

Q Extendable Control Field—to 2 bytes 

C) Idie Mode—idle FLAG characters or MARK the line 

QO Point to Point, Multi-drop, or Loop Configuration 


USYNR/T 


PIN CONFIGURATION 


PACKAGE: 40-Pin D.I.P. 





BYTE ORIENTED PROTOCOLS—BiSync, DDCMP 
O) Automatic detection and generation of SYNC characters 


SELECTABLE OPTIONS: 

QO Variable Length Data—1 to 8 bit bytes 

O Variable SYNC character—5, 6, 7, or 8 bits 

O Error Checking—CRC (CRC16, CCITT-0, or CCITT-1) 
—VRC (odd/even parity) 
—None 

O Strip Sync—deletion of leading SYNC characters after 

synchronization 
O Idle Mode—idle SYNC characters or MARK the line 


APPLICATIONS 


C1) Intelligent Terminals 

C Line Controllers 

C] Network Processors 

CJ Front End Communications 


C] Remote Data Concentractors 

LC] Communication Test Equipment 
(J Computer to Computer Links 

(J Hard Disk Data Handler 
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General Description 


The COM 5025 is a COPLAMOS® n channel silicon gate MOS/LSI device that meets the majority of | 
synchronous communications requirements, by interfacing parallel digital systems to synchronous serial 
data communication channels while requiring a minimum of controller overhead. 


The COM 5025 is well suited for applications such as computer to modem interfaces, computer to computer 
serial links and in terminal applications. Since higher level decisions and responses are made or initiated by the 
controller, some degree of intelligence in each controller of the device is necessary. 


Newly emerging protocols such as SDLC, HDLC, and ADCCP will be able to utilize the COM 5025 witha 
high degree of efficiency as zero insertion for transmission and zero deletion for reception are done 
automatically. These protocols will be referred to as Bit Oriented Protocols (BOP). Any differences between 
them will be discussed in their respective sections. Conventional synchronous protocols that are control 
character oriented such as BISYNC can also utilize this device. Control Character oriented protocols will be 
referred to as CCP protocols. Other types of protocols that operate on a byte or character count basis can 
also utilize the COM 5025 with a high degree of efficiency in most cases. These protocols, such as DDCMP 
will also be referred to as CCP protocols. 


The COM 5025 is designed to operate in a synchronous communications system where some external 
source is expected to provide the necessary received serial data, and all clock signals properly 
synchronized according to EIA standard RS334. The external controller of the chip will provide the 
necessary control signals, intelligence in interpreting control lgniale from the device and data to be 
transmitted in accord with RS334. 


The receiver and transmitter are as symmetrical as possible without loss of efficiency. The controller of the 
device will be responsible for all higher level decisions and interpretation of some fields within message 
frames. The degree to which this occurs is dependent on the protocol being implemented. The receiver and 
transmitter logic operate as two totally independent sections with a minimum of common logic. 


References: 

1. ANSI—American National Standards Institute 3. ElA—Electronic Industries Association 
X353, XS34/589 TR30, RS334 
202-466-2299 202-659-2200 

2. CCITT—Consultative Committee for International 4. IBM 
Telephone and Telegraph General Information Brochure, GA27-3093 
X.25 Loop Interface—OEM Information, GA27-3098 
202-632-1007 System Journal—Vol. 15, No. 1, 1976; G321-0044 

Terminology 

Term Definition Term Definition 
BOP Bit Oriented Protocols: SDLC, HDLC, ADCCP GA 01111111 (0 (LSB) followed by 7-1's) 
CCP Control Character Protocols: BiSync, DDCMP LSB First transmitted bit, First received bit 
TDB Transmitter Data Buffer MSB Last transmitted bit, Last received bit 
RDB Receiver Data Buffer RDP Receiver Data Path 
TDSR Transmitter Data Shift Register TOP Transmitter Data Path 
FLAG 01111110 LM Loop Mode 


ABORT 11111111 (7 or more contiguous 1's) 
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Lv 


BLOCK DIAGRAM 


MASTER 
RESET 
O 


TIMING & CONTROL 


TX SERIAL DATA OUT 


TX PARITY GEN 


SYNC/ADDR 
COMPARE 


STRIP PIPELINE FORMAT 
RS! 0 ZERO DELAY LOGIC 
(RCVR SERIAL INPUT) LOGIC Ss 
MAINT © 
SEL 


TX CRC GEN 
ACVA | 
TX DATA REG . eee 


DATA 
REGISTER 


PARITY 
DETECT LOGIC DETECT 


FLG ABRT GA PARITY ERROR CRC ERROR 


TO TIMING & CONTROL 


DATA TX RCVR 
LENGTH SEL STATUS & DATA 
REG CNTRL REG BUFFER 


3 S S 


TRISTATE /O BUS ADDRESS DECODE 


O O e O O O ) ) ® \) ) eo OQ O O ) 
DB1S 0B14 0B13. ~OB12 0611 pa1g DBg9 0Bg8 Ao Ay Az WR DPENA BYTEOP D697 OBg6 





SELECT 


O TSO 
(TX SERIAL OUTPUT) 


TX DATA CONTROL & ee. eoGe. 


DATA 
BUFFER 


TRI STATE /O0 BUS 


O O O e e ) 
Deps =0Bg4 0B¢3 DBg2 Dai DBP 








Description of Pin Functions 





PinNo. Symbol Name YO Function 

1 Voo Power Supply PS +12 volt Power Supply. 

2 RCP Receiver Clock | The positive-going edge of this clock shifts data into the receiver shift register. 

3 RSI Receiver Serial Input |! This input accepts the serial bit input stream. 

4 SFR Sync/Flag O This output is set high, for 1 clock time of the 

Received RCP, each time a sync or flag character is received. 

5 RXACT Receiver Active O This output is asserted when the RDP presents the first data character of the 
message to the controller. In the BOP mode the first data characteris the first 
non-flag character (address byte). inthe CCP mode: 1. if strip-syncis set; the 
first non-sync character is the first data character 2. if strip-sync is not set; the 
first data character is the character following the second sync. In the BOP 
mode the trailing (next) FLAG resets RXACT. Inthe CCP mode RXACT 
is never reset, it can be cleared via RXENA. 

6 RDA Receiver Data O This output is set high when the RDP has assembled an entire character and 

Available transferréd it into the|RDB. This output is reset by reading the RDB. 
7 RSA Receiver Status O This output is set high: 1. CCP—in the event of receiver over run (ROR) 
Available or parity error (if selected), 2. BOP—in the event of ROR, CRC error (if selected) 
receiving REOM or RAB/GA. This output is reset by reading the 
receiver status register or dropping of RXENA. 

8 RXENA _ Receiver Enable | Ahigh level input allows the processing of RSI data. Alow 
level disables the RDP and resets RDA, RSA and RXACT. 

9 GND Ground GND Ground 

10 DBg8 Data Bus /O Bidirectional Data Bus. 

11 DBg9 Data Bus VO Bidirectional Data Bus. 

12 DB19 Data Bus 0 Bidirectional Data Bus. 

13 DB11 Data Bus 0 Bidirectional Data Bus. |. Wire “OR” with DBGZ-DBQ7 

14 DB12 Data Bus 0 Bidirectional Data Bus. { For 8 bit data bus 

15 DB13 Data Bus VO Bidirectional Data Bus. 

16 DB14 Data Bus VO Bidirectional Data Bus. 

17 DB15 Data Bus VO Bidirectional Data Bus. 

18 W/R Write/Read | Controls direction of data port. W/R=1, Write. W/R=0, Read. 

19 A2 Address 2 | Address input—MSB. 

20 Al Address 1 I Address input. 

21 Ag Address 0 | Address input—LSB. 

22 BYTE OP Byte Operation | If asserted, byte operation (data port is 8 bits wide) is 
selected. If BYTE OP=O, data port is 16 bits wide. 

23 DPENA Data Port Enable | Strobe for data port. After address, byte op, W/R and data are set-up DPENA 
may be strobed. If reading the port, DPENA may reset (depending on register 
selected by address) RDA or RSA. If writing into the port, DPENA may reset 
(depending on register selected by address) TBMT. 

24 DB£7 Data Bus VO Bidirectional Data Bus—MSB. 

25 DBg6 Data Bus VO Bidirectional Data Bus. 

26 DBg5 Data Bus /O Bidirectional Data Bus. 

27 = OBW4 Data Bus 0 Bidirectional Data Bus. 

28 DBg3 Data Bus /O Bidirectional Data Bus. 

29 DBg2 Data Bus /O Bidirectional Data Bus. 

30 DBS1 Data Bus /O Bidirectional Data Bus. 

31 DBS Data Bus VO Bidirectional Data Bus—LSB. 

32 Vec Power Supply PS +5 volt Power Supply. 

33 MR Master Reset | This input should be pulsed high after power turn on. This will: clear all flags, and 
status conditions, set TBMT=1, TSO=1 and place the device in the primary 
BOP mode with 8 bit TX/RX data length, CRC CCITT initialized to all 1's. 

34 TXACT Transmitter Active O __ This output indicates the status of the TDP. TXACT will go high after asserting 
TXENA and TSOM coinsidently with the first TSO bit. This output will reset one 
half clock after the byte during which TXENA is dropped. 

35 TBMT Transmitter Buffer O This output is at a high level when the TOB 

Empty or the TX Status and Control Register may be loaded with 
the new data. TBMT=0 on any write access to TDB or TX Status and 
Control Register. TBMT returns high when the TDSR is loaded. 
36 TSA Transmitter Status O TERR bit, indicating transmitter underflow. 
Available Reset by MR or assertion of TSOM. 

37 TXENA Transmitter Enable | Ahigh level input allows the processing of transmitter 
data. 

38 TSO Transmitter Serial O This output is the transmitted character. 

Output 

39 TCP Transmitter Clock | The positive going edge of this clock shifts data out of the 
transmitter shift register. 

40 MSEL Maintenance | Internally RSI becomes TSO and RCP becomes TCP. 

Select Externally RS! is disabled and TSO=1. 
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Definition of Terms 
Register Bit Assignment Chart 1 and 2 
Data Bu Term Definition 


DBd¢S RSOM Receiver Start of Message—read only bit. In BOP mode only, goes high when first non-flag (address byte) 
character loaded into RDB. It is cleared when the second byte is loaded into the RDB. 

DB¢9 REOM Receiver End of Message—read only bit. ln BOP mode only, set high when last byte of dataloaded into RDB, or 
when an ABORT character is received. It is cleared on reading of Receiver Status Register or dropping of RXENA. 

DB1¢ RAB/GA Received ABORT or GO AHEAD character, read only bit. In BOP mode only, if LM=0 this bit is set on receiving an 
ABORT character; if LM=1 this bit is set on receiving a GO AHEAD character. This is cleared on reading of 
Receiver Status Register or dropping of RXENA. 

DB11 ROR Receiver Over Run—read only bit. Set high when received data transferred into RDB and previous data has not 
been read, indicating failure to service RDA within one character time. Cleared on reading of Receiver Status 
Register or dropping of RXENA. 

DB12-14 A,B,C Assembled Bit Count—read only bits. In BOP mode only, examine when REOM=1. ABC=0, message terminated 
on stated boundary. ABC=XXX, message terminated (by FLAG or GA) on unstated boundary, binary value of ABC 
= number of valid bits available in RDB (right hand justified). 

DBI15 ERR CHK Error Check—read only bit. In BOP set high if CRC selected and received in error, examine when REOM=1. In 
CCP mode: 1. set high if parity selected and received in error, 2. if CRC selected (tested at end of each byte) ERR 
CHK = 1 if CRC GOOD, ERR CHK = 0 if CRC NOT GOOD. Controller must determine the last byte of the 
message. 


DB8 TSOM Transmitter Start of Message—W/R bit. Provided TXENA=1, TSOM initiates start of message. In BOP, TSOM=1 
generates FLAG and continues to send FLAG’s until TSOM=0, then begin data. In CCP: 1. IDLE=0, transmit out of 
SYNC register, continue until TSOM=0, then begin data. 2. IDLE=1 transmit out of TDB. In BOP mode there is also 
a Special Space Sequence of 16-0’s initiated by TSOM=1 and TEOM= 1. SSS is followed by FLAG. 

DB9 TEOM Transmit End of Message—W/R bit. Used to terminate a message. In BOP mode, TEOM=1 sends CRC, then 
FLAG; if TXENA=1 and TEOM=1 continue to send FLAG’s, if TXENA=0 and TEOM=1 MARK line. In CCP: 1. 
IDLE=0, TEOM=1 send SYNC, if TXENA=1 and TEOM=1 continue to send SYNC’s, if TXENA=0 and TEOM=1 
MARK line. 2. IDLE=1, TEOM=1, MARK line. 

DB10 TXAB Transmitter Abort—W/R bit. In BOP mode only, TXAB=1 finish present character then: 1. IDLE=0, transmit ABORT 
2. IDLE=1, transmit FLAG. . 

DB11 TXGA Transmit Go Ahead—W/R bit. In BOP mode only, modifies character called for by TEOM. GA sent in place of FLAG. 
Allows loop termination—GA character. 

DB15 TERR Transmitter Error—read only bit. Underflow, set high when TDB not loaded in time to maintain continuous 
transmission. In BOP automatically transmit: 1. |DLE=0, ABORT 2. IDLE=1, FLAG. In CCP automatically transmit: 
1. IDLE=0, SYNC 2. IDLE=1, MARK. Cleared by TSOM. 

—W/R bits. These are the error control bits. 

X16+ X124 X5+ 1 CCITT—Initialize to “1” 

X64 X12+ X54 1 CCITT—Initialize to “0” 

Not used 

X64 X154 X24 1—CRC16 

Odd Parity—CCP Only 

Even Parity—CCP Only 

Not Used 

Inhibit all error detection and transmission 
Note: Do not modify XYZ until both data paths are idle 

DB11 IDLE IDLE mode select—W/R bit. Affects transmitter only. In BOP—control the type of character sent when TXAB 
asserted or in the event of data underflow. In CCP—controls the method of initial SYNC character transmission and 
underflow, “1” = transmit SYNC from TDB, “0”=transmit SYNC from SYNC/ADDRESS register. 

DB12 SEC ADD Secondary Address Mode—W/R bit. In BOP mode only—after FLAG looks for address match prior to activating 
RDP, if no match found, begin FLAG search again. SEC ADD bit should not be set if EXADD=1 or EXCON=1. 

DB13 STRIP SYNC/LOOP Strip Sync or Loop Mode—W/R bit. Effects receiver only. In BOP mode—allows recognition of a GA character. In 
CCP—after second SYNC, strip SYNC; when first data character detected, set RXACT=1, stop stripping. 


Receiver Status Register 





Transmitter Status 
and Control Register 


DB8-18 X.Y,Z 


—- =O 02+?+00 < 
4~o-0-0-0~x 


Mode Control Register 


DB14 PROTOCOL PROTOCOL—WI/R bit. BOP=0, CCP =1 
DB15 “APA All Parties Address—W/R bit. If selected, modifies secondary mode so that the secondary address or 8-1’s will 
activate the RDP. 
DB13-15 TXDL Transmitter Data Length—W/R bits. 
TXDL3 TXDL2 TXDL1 LENGTH 
0 .0 0 Eight bits per character 
1 1 1 Seven bits per character 
1 1 0 Six bits per character 
1 0 1. Five bits per character 
1 0 0 ‘Four bits per character* 
0 1 1 Three bits per character* 3 
0 1 0 Two bits per character* 2 
0 0 1. One bit per character* 2 
*For data length only, not to be used for SYNC character (CCP mode). pry 
DB8-16 RXDL Receiver Data Length—W/R bits. 8 
RXDL3 RXDL2 RXDL1 LENGTH D 
0 0 0 Eight bits per character s 
1 1 1. Seven bits per character = 
1 1 0 Six bits per character & 
1 0 1 Five bits per character 8 
1 0 0 Four bits per character 5 
0 1 1 Three bits per character 
0 1 0 Two bits per character 
0 0 1 One bit per character 
DB11 EXCON Extended Control Field—W/R bit. In receiver only; if set, will receive control field as two 8-bit bytes. Excon bit should 
not be set if SEC ADD =1. 
DB1i2 EXADD Extended Address Field—W/R bit. In receiver only; LSB of address byte tested for a “1”. If NO—continue receiving 


address bytes, if YES go into control field. EXADD bit should not be set if SEC ADD =1. 
“Note: Product manufactured before 1Q79 may not have this feature. 143 


Register Bit Assignment Chart 1 


REGISTER DP87 DP#g6 DPg5 DPg4 DPg3 DPg2 DP#1 DPg¢ 

bert Data RD7 RD6 RDS5 RD4 RD3 RD2 RD1 RDg 

(Read Only- © MSB . LSB 
Right Justified- 
Unused Bits=0) 

operate Data TD7 TD6 TD5 TD4 TD3 TD2 TD1 TDg 

egister 

(Read/Write- MSB LSB 
Unused Inputs=X) ' 

Sync/Secondary SSA7 SSA6 SSA5 SSA4 _—s SSA3B SSA2 SSAI1 SSAZ 
Address 

(Read/Write- MSB LSB 
Right Justified- 


‘Unused Inputs=X) 


Register Bit Assignment Chart 2 


REGISTER DP15 DP14 DP13 DP12 DP11 DP19 DPg9 DP£8 
Receiver Status ERR CHK Cc B A ROR RAB/GA  REOM RSOM 
(Read Only) 
TX Status TERR. 0 0 TXGA TXAB TEOM TSOM 
and Control (Read Only) 
(Read/Write) 
Mode Control *APA PROTOCOL STRIP SECADD IDLE Z “Y X 
(Read/Write) SYNC/ 
LOOP 
Data Length TXDL3 TXDL2 TXDL1 EXADD EXCON RXDL3 RXDL2 RXDL1 
Select 
(Read/Write) 


* Note: Product manufactured before 1Q79 may not have this feature. 


Register Address Selection 


1) BYTE OP = 0, data port 16 bits wide 


A2 Al Ag Register 
0 0 X Receiver Status Register and Receiver Data Buffer 
0 1 Xx Transmitter Status and Control Register and Transmitter Data Buffer 
1 0 X Mode Control Register and SYNC/Address Register 
1 1 X Data Length Select Register 


X = don't care 


2) BYTE OP = 1, data port 8 bits wide 


A2 Al AG Register 
0 0 0 Receiver Data Buffer 
0 0 1 Receiver Status Register 
0 1 0 Transmitter Data Buffer 
0 1 1 Transmitter Status and Control Register 
1 0 0 SYNC/Address Register 
1 0 1 Mode Control Register 
1 1 0 _—_ 
1 1 1 Data Length Select Register 
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BOP TRANSMITTER OPERATION 


(PROCESSOR LOAD OR MASTER RESET) 
INITIALIZE 


MARK LINE 


NO 


NO 


YES 
YES 


SEND FLAG ; 


UNDERRUN NO 
Y 


ES 


TRANSMIT 
ABORT 
CHARACTER 











SEND 
ABORT 
CHARACTER 


YES 


SEND 
GO AHEAD 


NO 


SEND 1 BYTE 
OF DATA 
FROM TOB 






STUFF ZERO, 
ACCUMULATE 
CRC 


YES =) 
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CCP TRANSMITTER OPERATION 


INITIALIZE 
SET MODE 






(PROTOCOL = 1; XYZ = CRC 16) 






TRANSMIT 
SYNC FROM 
SYNC REG 








UNDERRUN 
=1 


? 
NO 











SERIALIZE 
DATA 

ACCUMULATE 
CRC 


be 


RESET 
UNDERRUN 





TRANSMIT 
CRC 


TRANSMIT 
SYNC 





Ori 


CCP RECEIVER TIMING 


~ SUUYS Uw GG. ly Le LL 


MR JL Wrst W/R=0 W/R=0 W/R=0 W/R=0 


READ READ READ 
BeENA fJnores | | Sr DATA 1 | | | 


(not clock edge related) READ 


ETX 
RXENA eee (ae 


}<———-swc-_—>} ~<¢-—— sync] 
ao i ee Se 


| | 

| | 

| | 
| sa se 

| 

| 

| 








RSA A : [ NOTE 2 
RXACT Z hy | 


ROR _—— NOTE 3 
ERR CHK ___| | 


NOTE 1—Mode set for CCP with CRC selected 
NOTE 2—If overrun had occured —no READ STX 
NOTE 3—ERR CHK must be sampled before next byte or before RXENA brought low 





CCP TRANSMITTER OPERATION 


_ Bose B poe gies. siere Sue aa Ss aie 
ae | eae 


TXENA a 


| 


NOTE 1 LOAD : LOAD LOAD 
MODE SYNC TSOM=1 TSOM=1 TSOM=-0 = =STX DATA 1 ETX TEOM=1 
NOTE 2 
oboe el LA) Le ee Fe et 
(not clock edge related) 5 
| FIRST SYNC ‘ SECOND SYNC | 
| SENT A 


Femi : 
Qe ee ye 


TXACT Ya —i‘iCQ : 


' od ; 
Y, ‘ | ; | | | | STX | DATA ETX | cRC MARK 
Tso 
I 
[<< sync ——— > }<¢- sync —______> 
NOTE 1—Mode is CCP with CRC selected 


NOTE 2—Trailing edge of DPENA must occur at least one-half 
clock pulse prior to TBMT=1 to avoid underrun 


Fe ee ee eS et SD SS ee cere ete 


Lol 


TXACT Yj} 


BOP RECEIVER TIMING 


ee ear nl ee age ei ail 
as a 


° wR=0 wR=0 WIR=0 WiR=0 WR =0 WIR =0 Wwh=0 
wR=4 Address Byte Read Status Control Byte Data Byte #1 Osta Byte #2 Data Byte #3 Data Byte #4 = Read Status 
n 
{Jacre | t i | 
. w3 be 


cae | : : 

i ae ae? : ee ea 

- WW | eT Oe ETO 
ig 





= es coe 
ERR, CHK, ABC, ror 
ROR, RABVGA {NOTE 2 

NOTE 1—# required- but not done in thes exampie. oad) aioe 
NOTE 2—1! no DPENA Io read Data Byte #2. 


BOP TRANSMITTER OPERATION 


i: ig ss oe ee We i WW i ac a eh 


' eee 

: ae ers 
coe Load 

TSOM=1 TSOM=0 Data Length 


we ee 
= 


not clock edge related i 
1 
' 
4 


~ MAT ear a = 


I 1_~ —_[fssiom Tene = Jef Ly 


Note 1—Trailing edge of DPENA must occur at least one-hall clock 
pulse prior to TBMT = 1. To avoid underrun. 
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AC TIMING DIAGRAMS 


RCP 


Tee | 300 ns 


; 


300 ns 
RXACT 
TBMT 
300 ns 
RDA, RSA 
DPENA ; DPENA 
to Transmitter to Receiver 
Registers Registers 
300 ns 300 ns 
TBMT 
RDA, RSA \ 


Te 


TCP 
150 ns 
RXENA : 
300 ns, min 
TSO 
Resets: ROP-RDA, RSA, 
300 ns RXACT, receiver 
into search 
TXACT mode (for FLAG) 


Note: Unless otherwise specified all times are maximum. 





Data Port Timing 


BYTE OP. WA: 0, 
A, AL Ay 
Tas TWOPENA Tan 


ee ELK MLLULLL 


READ FROM USYNR/T 





: 








OPENA 


ip rp tip an A ie acts 
BYTE OP, WR=1. 
AAA Ag 


Tas TWDPENA Tau 





OPENA 


Tos -| Ton 
O8$9-DB15 Bus 
DATA FLOATS 


WRITE TO USYNR/T 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ...... ccc cree eee tenet eben eee e een e een tee o°C to+ 70°C 
Storage Temperature Range ..... ccc eee eter ene tenet eee eee eee eee b teen eens —55°C to + 150°C 
Lead Temperature (soldering, 10 S@C.) 2.6... ccc cee eee cee e teen beeen eee eee nnnae +325°C 
Positive Voltage on any Pin, with respect to Qround ... 2.6... cece cee tence ee eet ee en ee eaee +18.0V 
Negative Voltage on any Pin, with respect to ground ........... ccc cece cece nee teen tence eens -—0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that 

the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or ‘‘glitches” on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. For example, the 
bench power supply programmed to deliver +12 volts may have large voltage transients when the 
AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 





ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= +5V+5%, Voo=+12V+5%, unless otherwise noted) 


Parameter Min. Typ. Max. Unit Comments 
D.C. Characteristics 
INPUT VOLTAGE LEVELS 
Low Level, Vit 0.8 Vv 
High Level, Viv 2.0 Vcc Vv 
OUTPUT VOLTAGE LEVELS 
Low Level, Vot 0.4 V loL=1.6ma 
High Level, Vou 2.4 loH=40ua 
INPUT LEAKAGE 
Data Bus 5.0 50.0 pa 0<Vin<5v, DPENA=0 or W/R=1 
All others pa Vin= +5v 
INPUT CAPACITANCE 
Data Bus, Cin pf 
Address Bus, Cin pf 
Clock, Cin pf 
All other, Cin pf 
POWER SUPPLY CURRENT 
lec 70 ma 
lp 90 ma 
A.C. Characteristics Ta=25°C 
CLOCK-RCP, TCP 
frequency DC 1.5 MHz 
PWu 325 ns 
PWL 325 ns 
te, te 10 ns 
DPENA, Tworena 250 50 us ns 
Set-up Time, Tas 0 ns 
Byte Op, W/R 
A2, A1, Ao 
Hold Time, Tax 0 ns 
Byte Op, WIR, 
A2, As, Ao 
DATA BUS ACCESS, Tora 150 ns 
DATA BUS DISABLE DELAY, Toro 100 ns 
DATA BUS SET-UP TIME, Toss 0 ns 
DATA BUS HOLD TIME, Tosx 100 ns 
MASTER RESET, MR 350 ns 
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CCP RECEIVER OPERATION 


SET MODE 











ASSEMBLE CHARACTERS 
ACCUMULATE CRC 


ROSA — RDB 


RXACT Leper 
RDA 


YES STATUS 


BITS 
ee | 





SET 


STANDARD MICROSYSTEMS 


CORPORATION 


(516) 273-3100 TWX-510-227-8898 


Read RDA and RSA prior to reading 
data or status 






Receiver Data 
and 


Receiver Status 
Access Sequence 


Preferred reading sequence of receiver RDA and RSA. 












YES 
READ RDB 
READ 
STATUS 


READ RD8& 





READ 
STATUS 


BOP RECEIVER OPERATION 


pagrocon} PROCESSOR LOAD 

XYZ-CRC 16 INITIALIZE —ORMA 

TEST MADE AFTER 8 RXCLK'S 

TEST MADE 

AFTER 8 CLKS 
ASSEMBLE CHARACTERS 24 RXCLK'S 
STRIP ZERO (PIPELINE DELAY) 
ACCUMULATE CRC 
16 RXCLKS 
DELAY 


PROCESSOR MUST READ 


ERR CHK BIT BEFORE SET RSA 
RXENA=0 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION 






COW 7210 


Intelligent GPIB Interface Controller 


FEATURES 


Ci All Functional Interface Capability Meeting IEEE 
Standard 488-1978 
—SH1 (Source Handshake) 
—AH1 (Acceptor Handshake) 
—T5 or TES (Talker or Extended Talker) 
—L3 or LES (Listener or Extended Listener) 
—SR1 (Service Request) 
—RL1 (Remote Local) 
—PP1 or PP2 (Parallel Poll) (Remote or Local 
Configuration) 
—DC1 (Device Clear) 
—DT1 (Device Trigger) 
—C1-5 ((Controller) (All Functions)) 
(] Programmable Data Transfer Rate 
C] 16 MPU Accessible Registers—8 Read/8 Write 
[1] 2 Address Registers 
—Detection of MTA, MLA, MSA (My Talk/Listen/ 
Secondary Address) 
—2 Device Addresses 
(_] EOS Message Automatic Detection 
L] Command (IEEE Standard 488-78) Automatic 
Processing and Undefined Command Read Capability 
L] DMA Capability 
LJ] Programmable Bus Transceiver I/O Specification 
_ (Works with T.1./Motorola/Intel) 
LJ] 1 to 8 MHz Clock Range 
C] TTL Compatible 


PIN CONFIGURATION 


< 
te] 
oO 


eg 


Z| 
Di 
a 
io) 


<I 
aI I} oo! 


=, 
Oo 
a 


DIO4 
DIO3 
Bide 


g 


2 Aa Aa 


Dw 
AW 
o- 


PACKAGE: 40-pin D.i.P. 





L] COPLAMOS®n-Channel Silicon Gate Technology 
C1) +5V Single Power Supply 

C] 40-Pin DIP 

(J 8080/85/86 Compatible 


GENERAL DESCRIPTION 


The COM7210 TLC is an intelligent GPIB Interface Con- 
troller designed to meet all of the functional requirements 
for Talkers, Listeners, and Controllers as specified by the 
IEEE Standard 488-1978. Connected between a processor 
bus and the GPIB, the TLC provides high level manage- 
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ment of the GPIB to unburden the processor and to simplify 
both hardware and software design. Fully compatible with 
most processor architectures, Bus Driver/Receivers are the 
only additional components required to implement any type 
of GPIB interface. 





REGISTERS 


<a 
(eam 


MESSAGE 
COMMAND PASS DECODER 


INTERFACE 
FUNCTIONS 
OMAREQ 


SH1 
OMAACK 


TSITES 


L3/LE3 GPIB CONTROL 


END OF STRING 


PP1/PP2 


T/R 3~T/R 1 


SERIAL POLL 


PARALLEL POLL ea) 


auxtawevie) [OS 


INTERNAL 
COUNTER 


AUX, COMMAND 
DECODER 


BLOCK DIAGRAM 
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DESCRIPTION OF PIN FUNCTIONS 


SYMBOL VO 
T/R1 





T/R2 





CLK 


T/R3 


i¢p) 
4 


DMAREQ O 


DMAACK 


cS 






Ww 


11 
24 


by RSO-2. 


12-19 


: 


DO-7 


21-23 RSO-2 


fi 
Zz 
Oo 


SS a 
28-35 DIO1-8 V0 
36 


R 

INT ie 
INT 

IF 

REN 

TN 


AN 


8 
< 


39 


reception. 


Voc 


DESCRIPTION __ 


Transmit/Receive Control—Input/Output Control! Signal for the GPIB 
Bus Transceivers. ; 


Transmit/Receive Control—The functions of T/R2, T/R3 are determined 
by the values of TRM1, TRMO of the address mode register. 


Clock—(1-8 MHz) Reference Clock for generating the state change 
prohibit times T1, T6, T7, T9 specified in IEEE Standard 488-1978. 


Reset—Resets 7210 to an idle state when high (active high). 


Transmit/Receive Control—Function determined by TRM1 and TRMO of 
address mode register (See T/R2). 


DMA Request—7210 requests data transfer to the computer system, 
becomes low on input of DMA acknowledge signal DACK. 
DMA Acknowledge—(Active Low) Signal connects the computer system 


data bus to the data register of the 7210. 


Chip Select—(Active Low) Enables access to the register selected by 
RSO-2 (read or write operation). 


Read—(Active Low) Places contents of read register specified by 
RS0-2—on DO-7 (Computer Bus). 


Write—(Active Low) writes data on DO-7 into the write register specified 


Interrupt Request—(Active High/Low) Becomes active due to any 1 of 13 
internal interrupt factors (unmasked) active state software configurable, 
active high on chip reset. 


VO Data Bus—8-bit bidirectional data bus, for interface to computer system. 


Register Select—These lines select one of eight read (write) registers 
during a read (write) operation. 


VO Interface Clear—Control line used for clearing the interface functions. 


VO Remote Enable—Control line used to select remote or local control of 
the devices. 

VO Attention—Contro! line which indicates whether data on DIO lines is an 
interface message or device dependent message. 

VO Service Request—Control line used to request the controller for service. 


Data Input/Output—8-bit bidirectional bus for transfer of message on 
the GPIB. 


/O Data Valid—Handshake line indicating that data on DIO lines is valid 


NRFD Ready for Data—Handshake line indicating that device is ready for data. 


Data Accepted—Handshake line indicating completion of message 


VO End or Identify—Control line used to indicate the end of multiple byte 
transfer sequence or to execute a parallel polling in conjunction with ATN. 


+5V DC 
























FUNCTIONAL DESCRIPTION 


Introduction 


The IEEE Standard 488 describes a “Standard Digital 
Interface for Programmable Instrumentation” which, since 
its introduction in 1975, has become the most popular means 
of interconnecting instruments and controllers in labora- 
tory, automatic test and even industrial applications. Refined 
over several years, the 488-1978 Standard, also known as 
the General Purpose Interface Bus (GPIB), is a highly 
sophisticated standard providing a high degree of flexibility 
to meet virtually most all instrumentation requirements. The 
COM7210 TLC implements all of the functions that are 
required to interface to the GPIB. While it is beyond the 
scope of this document to provide a complete explanation 
of the IEEE 488 Standard, a basic description follows: 


The GPIB interconnects up to 15 devices over a common 
set of data control lines. Three types of devices are defined 
by the standard: Talkers, Listeners, and Controllers, 
although some devices may combine functions such as 
Talker/Listener or Talker/Controller. 


Data on the GPIB is transferred in a bit parallel, byte serial 
fashion over 8 Data I/O lines (D101-D108). A 3 wire hand- 
shake is used to ensure synchronization of transmission and 
reception. In order to permit more than one device to receive 
data at the same time, these control lines are “Open Col- 
lector’ so that the slowest device controls the data rate. A 
number of other control lines perform a variety of functions 
such as device addressing, interrupt generation, etc. 


The COM7210 TLC implements all functional aspects of 
Talker, Listener and Controller functions as defined by the 
488-1978 Standard, and on a single chip. 


The COM7210 TLC is an intelligent controller designed to 
provide high level protocol management of the GPIB, freeing 


. the host processor for other tasks. Control of the TLC is 


accomplished via 16 internal registers. Data may be trans- 
ferred either under program control or via DMA using the 
TLC’s DMA control facilities to further reduce processor 
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overhead. The processor interface of the TLC is generalin use of a variety of different transceiver configurations for 
nature and may be readily interfaced to most processor maximum flexibility. 

lines. 

In addition to providing all control and data lines necessary : 

for a complete GPIB implementation, the TLC also pro- Internal Registers 

vides a unique set of bus transceiver controls permittingthe | The TLC has 16 registers, 8 of which are read and 8 write. 


REGISTER NAME ADDRESSING SPECIFICATION 


WR 
RD 


m2] 


Data In (OR) 

Interrupt Status 1 (1R) 
Interrupt Status 2 (2R) 

Serial Poll Status (3R) 
Address Status (4R) 
Command Pass Through (5R) 
Address 0 (6R) 

Address 1 (7R) 


| bi7 [| Die | Dis | D14 | 13 | Di2 | O11 | DIO 
| cpt [| apt | Det | END | Dec | ERR | Do | O1 | 
AD1-0 


| o | srai | bMao]| DMal | co _ | LoKc | REMC | ADSC 
St 

| ton | ton [ TRM1] TRMO[ 0 | 0 | ADMi | ADMO 
ADI 
ECO 


R 
s 
2 
0 
0 
0 
0 
1 
1 
1 
1 


=-= - OO = = O O]]MHD 
- 0o- Oo - 0 = O/0M7N 


ka a a eek 
o0o0o.mUcUNDUCUlUlUCOUWULCOUCUCUCOOUCUCUCO 
oo 0 0 020 90 O 0O 


Byte Out (OW) 
Interrupt Mask 1 (1W) 
Interrupt Mask 2 (2W) 
Serial Poll Mode (3W) 
Address Mode (4W) 
Auxiliary Mode (5W) 
Address 0/1 (6W) 
End of String (7W) 


= oe lc lc Ht hlUC OOCUCOCOCOD 
- - oO 0 —=— = 00 
-o-0o0- 0240 
oo 06UCtMWCOUWUCUCUCOOUCUCOUCUO 
aa res Oe es Ges Cy 
oo 0000 0 0 





Data Registers 


The data registers are used for data and command trans- 
fers between the GPIB and the microcomputer system. 


DATA IN (OR) | o7 | o6 | os | D4 | of | D2 | DN | DO 


Holds data sent from the GPIB to the computer 


BYTE OUT (OW) BO7 


Holds information written into it for transfer to the GPIB 


Interrupt Registers 


The interrupt registers are composed of interrupt status bits, 
interrupt mask bits, and some other noninterrupt related bits. 


READ 

INTERRUPT . 

STATUS 1 (1R). | cpt | apt | Det | END | DEC {| ERR | DO | DI | 

INTERRUPT 

STATUS 2 (2R) | INT | SRQI | LOK [| REM | CO | LOKC | REMC | ADSC 
WRITE _ 

INTERRUPT 

MASK 1 (1W) | cpT | APT [| DET | END | DEC | ERR | DO | DI 

INTERRUPT 

MASK 2 (2W) [o [| srai | pMao 
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Interrupt Status Bits 





DET 
|END | 
CO 


OR of All Unmasked Interrupt Status Bits 
Command Pass Through 

Address Pass Through 

Device Trigger 

End (END or EOS Message Received) 
Device Clear 

Error 

Data Out 


|DET | 
| ERR | 
|DO. 
fo. 
Service Request Input 


LOKC Lockout Change 
REMC Remote Change 


ADSC Address Status Change 


1CO —__—| Command Output 





Serial Poll Registers 


There are thirteen factors which can generate an inter- 
rupt rom the COM 7210, each with their own status bit and 
mask bit. 


The interrupt status bits are always set to one if the interrupt 
condition is met. The interrupt mask bits decide whether the 
INT bit and the interrupt pin will be active for that condition. 


Noninterrupt Related Bits 
LOK 


|REM__| 


Lockout 

Remote/Local 
Enable/Disable DMA Out 
Enable/Disable DMA In 








READ 


| sa |pPenD{| se | ss | s4 {| s3 [ si | So | 


SERIAL POLL 
STATUS (3R). 


WRITE 


SERIAL POLL 
MODE (3W) 


The Serial Poll Mode register holds the STB (status byte: 
$8, S6-S1) sent over the GPIB and the local message rsv 
(request service). The Serial Poll Mode register may be read 
through the Serial Poll Status register. The PEND is set by 
rsv = 1, and cleared by NPRS «rsv = 1 (NPRS = Negative 
Poll Response State). 


Address Mode/Status Registers 


Si 


ADDRESS STATUS (4R) MJMN 


ADDRESS MODE (4W) 


The Address Mode register selects the address mode of 
the device and also sets the mode for T/R3 and T/R2 the 
transceiver control lines. 


The functions of T/R2, T/R3 terminals (2 and 5) are deter- 
mined as below by the TRM1, TRMO values of the address 
mode register. 


TR2 TRS 
EOIOE TRIG 
TRIG 





EOIOE = TACS + SPAS + CIC*CSBS 


This denotes the input/output of EO! terminal. 


When “1”: Output 
When “0”: Input 


| ton | ton [TRMi | TRMO| Oo [| 0 | ADM1 | ADMO 


CIC = CIDS + CADS 
This denotes if the controller interface function is active or 
not. 
When “1”: ATN = output, SRQ = input 


When “0”: ATN = input, SRQ = output 


PE = CIC + PPAS 
This indicates the type of bus driver connected to D!08 to 
DIO1 and DAV lines. 


When “1”: 3 state type 
When “0”: Open collector type 


TRIG: When DTAS state is initiated or when a trigger aux- 
iliary command is issued, a high pulse is generated. 


Upon RESET, TRMO and TRM1 become “0” (TRMO = 
TRM1 = 0) and local message port is provided, so that T/ 
R2 and T/R3 both become “LOW.” 
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Address Modes 





ADDRESS 
MODE 
Talk only 
mode 
1 Listen only 
mode 
Pee ee eae 
Pa as a a 
fee ee oe 





Combinations other than above indicated Prohibited. 


Notes: (@1) —Either MTA or MLA reception is indicated by coinci- 
dence of either address with the received address. 


Interface function T or L. 


Address Status Bits 


ATN Data Transfer Cycle (device in CSBS) 
LPAS Listener Primary Addressed State 
TPAS Talker Primary Addressed State 

CIC Controller Active 

LA Listener Addressed 


Address Registers 
ADDRESS 0 (6R) 
ADDRESS 1 (7R) 
ADDRESS 0/1 (6W) 
The TLC is able to automatically detect two types of 


addresses which are held in address registers 0 and 1. The 
addressing modes are outlined below. 


Address 0/1 Register Bit Selections 


ARS —Selects which address register, 0 or 1 

DT —Permits or Prohibits address to be detected 
as Talk 

DL —Permits or Prohibits address to be detected 
as Listen 


Command Pass Through Register 


COMMAND PASS 
THROUGH (5R) 


The CPT register is used such that the CPU may read the 
DIO lines in the cases of undefined command, secondary 


End of String Register 


END OF 
STRING (7W) 


This register holds either a 7- or 8-bit EOS message byte 
used in the GPIB system to detect the end of a data block. 


Auxiliary Mode Register 


AUXILIARY 
MODE (5W) 


CONTENTS OF 
ADDRESS (0) 





Address mode 1 Major talk address or Minor talk address or 
@) Major listen address Minor listen address 
Address mode 2 | Primary address Secondary address 
@ (talk or listen) (talk or listen) 
Address mode 3 | Primary address (major 
@ talk or major listen) 





CONTENTS OF 
ADDRESS (1) 
REGISTER REGISTER 


Address Identification Not Necessary 
(No controller on the GPIB) 


Not Used 














Primary address (minor 
talk or minor listen) 


—Address register 0 = primary, Address register 1 = 

secondary, interface function TE or LE. 
—CPU must read secondary address via Command 
Pass Through Register interface function (TE or LE). 


TA Talker Addressed 

MJMN Sets minor T/L address Reset = Major T/L 
address 

SPMS Serial Poll Mode State 


AD1-0 
| €or | ori [| ott | Ad5-1 | AD4-1 | AD3-1 | AD2-1 | ADI-1 


Address settings are made by writing into the address 0/1 
register. The function of each bit is described below. 


AD5-AD1 —Device address value 
EOI —Holds the value of EOI line when data is 
received 


CPTO 


address, or parallel poll response. 


ECO 


Aux Mode Register A controls the specific use of this register. 
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This is a multipurpose register. A write to this register gen- 
erates one of the following operations according to the val- 
ues of the CNT bits. 


CNT COM 
noe 10\|43 21 Bee OPERATION 
Issues an auxiliary command 
}o 0 olc, Cs cer CrG, Col specified by C, to Cy 
The reference clock frequency is 
O F, F, F, F,| specified and T,, T,, T,, T, are 
determined as a result. 
Makes write operation to the parallel 
ors US P,P. Py poll register. 
AAA, A, Ay Maes tle operation to the aux. 
B, B, B, B, B, ping operation to the aux. 
Makes write operation to the aux. 
0.0 OE, Ed) (E) register. 


Auxiliary Commands 0 0 0 C, C; C, C, Cy 
COM 













43210 

00000 iepon — Immediate Execute pon— 
Generate local pon 
Message 

00010 crst — Chip Reset—Same as 
External Reset 

00011 rrfd — Release RFD 

00100 trig — Trigger 

00101 rl — Return to Local Message 

Generation 

00110 seoi — Send EOI Message 

00111° nvid — Non Valid (OSA reception) — 

: . Release DAC Holdoff 

01111 vid — Valid (MSA reception, CPT, 
DEC, DET)—Release DAG 
Holdoff 

0X001 sppf — Set/Reset Parallel Poll Flag 

10000 gts — Go To Standby 

10001 tca — Take Control 
Asynchronously 

10010 tcs ' — Take Control Synchronously 

11010 tcse — Take Control SY EDIONOUEY 
on End 

10011 Itn — Listen 

11011 Itnce — Listen with Continuous 
Mode 

11100 lun — Local Unlisten 

11101 epp —— Execute Parallel Poll 

1X110 sifc — Set/Reset IFC 

1X111 sren — Set/Reset REN 

10100 dsc — Disable System Contro! 


Internal Counter O01 0 F, F. F, F, 


The internal counter generates the state change prohibit 
times (T,, Ts, T7, T,.) specified in the IEEE std 488-1978 with 
reference to the clock frequency. 


Auxiliary A Register 10 0 A, A; Az A; Ao 

Of the 5 bits that may be specified as part of its access word, 
2 bits control the GPIB data receiving modes of the 7210 
and 3 bits control how the EOS message is used. 


RFD Holdoff on all Data Modes 












| A, | A | 
ie ay 
ae a a 
ar ieee 
ae Pe 





The value of the =e poll flag 
ist = ay is taken as the ist local message. 
Poll F 


. FUNCTION 
[1 | Enable _| DAC Holdoff by initiation of DCAS 
Fo | Disable _ 





















here 
ae 


















Sn, fo Re Permits (prohibits) the setting of 
the END bit by reception of the 
pm peer EOS message. 
ances simultaneously with the 
transmission of EOS message 
TACS. 
Auxiliary B Register 1 0 1 B, B; B, B, By 
The Auxiliary B Register is much like the A Register in that 
it controls the special operating features of the device. 
of undefined command. In other 
words, it permits (prohibits) 
lea the setting of the CPT bit on 
1 perm _| Permits (prohibits) the 
Permit transmission of the END 
Lee message when in serial poll 
fii (high- speed 







BIT 
NAME FUNCTION 
transmission of END message 
| 1 | 8bit EOS | register the valid EOS message. 
Permits (prohibits) the detection 
Permit 
command. 
T, (high speed) as T, of 





handshake after transmission of 
2nd byte following data 
transmission. 











Permits (prohibits) automatic 
bass Makes the 8 bits/7 bits of EOS 
Bie] aneron 
NAME FUNCTION 
reception of an undefined 
active state (SPAS). 
(low- a, 





INT Specifies the active level of 
ae INT pin, 










SRQS indicates the value of ist 

level local message (the value of 

the eee ee poll vad is evened: 
.ist = 

Sas 0...ist = 









ist = SRQS 











Aas ESalstet 110000€E, E 


ae register controls the Data Acceptance Modes of the 
TLC. 









Shee DAC Holdoff by initiation of DTAS 





Parallel Poll Register 


The Parallel Poll Register defines the parallel poll response 
of the COM7210. 


foli{iftujsj{p,|P.]P, | 
—— 


L SPECIFYING STATUS BIT 
OUTPUT LINE (DI01 TO DI08) 


SPECIFYING STATUS BIT 
POLARITY 

S = 1: IN PHASE 

S = 0: REVERSE PHASE 


1: NO RESPONSE TO PARALLEL POLL 
0: RESPONSE TO PARALLEL POLL 


a 
cc 
Not 
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ae DECODER 


RESET OUT 
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9 
~ 
a 
a 
r=) 
Ss 
< 
a 


— 
c= 
= 


RST 5.5 


DISPLAY 


DEVICE CONTROL 


.BUS TRANSCEIVERS 


RESET IN 


MINIMUM 8085 SYSTEM 
WITH COM7210 





COM7210 MC3448AX4 


DATAA BUSA 
DATAB BUSB 
DATAC BUSC 
DATAD BUSD 


E S/Ra-p PEa.p : 
DATAA BUSA a 
DATAB BUSB 


DATAC BUSC fl 
DATAD BUSD rl 


S/Ra-p PE,A.p 


DATAB BUSB 





DATAC BUSC 
S/Ro 
DATAD BUSD 


DATAA BUSA 
DATAB 8USB 


S/R¢ 
DATAC BUSC 


PEa.p 


Note: In this example, high-speed data transfer cannot be made since the bus 
transceiver is of the open collector type (Set B, = 0). 


$N75160 


Note: In the case of low-speed data transfer (B, = 0), the T/R, pin can be used as a 
TRIG output. The PE input of SN75160 should be cleared to “0.” 


MINIMUM 8085 SYSTEM 
WITH COM7210 (CONT.) 
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ELECTRICAL CHARACTERISTICS 
MAXIMUM GUARANTEED RATINGS (T, = 25°C) 


PARAMETER UNIT 
Supply Voltage ae eee ee ee el V 
input Voltage es ee ee 2 ee V 
Output Voltage eee ae V 
Operating Temperature pT f= 70 °C 
Storage Temperature °C 


DC CHARACTERISTICS (T, = 0 to + 70°C, Vec = 5V + 10%) 


LIMITS 
oyMect 


PARAMETER SYMBOL MIN Te MAY UNIT TEST CONDITIONS 
Input Low Voltage | -o5 | | +08 | v_ | 
Input High Voltage Ee eee oe 
Low Level 
Output Voltage Vor +0.45 -V 


lo = 2MA 
(4 mA: T/R1 Pin) 


High Level 

Output Voltage ~ Vous +2.4 V = —400 pA 

Bicep INT) 

High Level +2.4 low = —400 pA 

Output Voltage Vone Vv 

(INT Pin) +3.5 low = —50 pA 

Input Leakage : 

Current he -10 +10 pA Vin = OV ~ Voc 
Output Leakage ae 

Current lor —10 +10 pA Vour = 0.45V ~ Voc 


Supply Current | ke | 180 | mA 


CAPACITANCE (T, = 25°C, Vic = GND = OV) 


SYMBOL | MIN | TYP | MAX | UNIT 















PARAMETER TEST CONDITIONS 









input Capacitance P| cy OT 0p f= 1 MHz 
Output Capacitance Cur TC SF oan ping Except Pin Under Test Tied to 





/O Capacitance Ground 


ae (re) ee a 


CS, RS2~0 


-tRV 
tRD- | tDF 


MMNMBTAMM 


taD 


DMAACK 


taKRQ 
DMAREQ 


TIMING DIAGRAM 
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AC CHARACTERISTICS, (T, = 0 to 70°C, Veg = 5V ‘+ 10%) 


PARAMETER 
EOI! > DIO 
EOI! —T/R1t 
EOIt + T/Rh 
ATN | > NDAC | 
ATN! — T/R1 J 
ATN | > T/R2 1 
DAV | - DMAREQ 
DAV | > NFRD! 
DAV | + NDACT 
DAV t + NDAC | 
DAV 1 > DRFD t 


RD | - NRFD?t 


NDAC 1 > DMAREQt 
NDAC t + DAV1 
WR1t DIO 
NRFD t > DAV! 


WR t > DAV! 


TRIG 
Pulse Width 


Address Setup to RD 


Address Hold from RD 

RD Pulse Width 

Data Delay from Address 
Data Delay from RD | 

Output Float Delay from RD 1 
RD Recovery Time 

Address Setup to WR 
Address Hold from WR 

WR Pulse Width 

Data Setup to WR 

Data Hold from WR 

WR Recovery Time 
DMAREQ | Delay from DMAACK 
Data Delay from DMAACK 


Ae 
SYMBOL | MIN | MAX | 

Fo Ue WE a 
Se Td 
ae i ee 
lag eas ah tre 
a (AR ST 
a Ser 
ee I eo I 
Sc CRN 


| tower | 5 


tea: 2 3 50 
ee 


tovnaa Yd 350 


a 


| teow | | ons | 


: | 85 | Cs 
= ee a ae 
as ae es ee 

Cee a el ea ee 
tro ee ee ee 
[to | 50s 
toe 2 a0 = 80. 

tev 20 | | ns | 
ee Ee are a ee ee 
feaS cee uli Sie, 
a se ee 
le lpy so MOO.) is, 
sees So oie] 
bette 6 200 ae dls ees 


TIMING DIAGRAM 
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CONDITIONS 
PPSS ~ PPAS, ATN = True 
PPSS ~ PPAS, ATN = True 
PPAS - PPSS, ATN = False 
AIDS — ANRS, LIDS 
TACS + SPAS ~ TADS, CIDS 
TACS + SPAS > TADS, CIDS 
ACRS — ACDS, LACS 
ACRS — ACDS 
ACRS > ACDS — AWNS 
AWNS > ANRS 
AWNS — ANRS > ACRS 


ANRS — ACRS 
LACS, Di reg. selected 


STRS ~ SWNS ~ SGNS, 
TACS 


STRS — SWNS — SGNS 
SGNS — SDYS, BO 

reg. selected 

SDYS — STRS, T, = True 
SGNS > SDYS - STRS 

BO reg. selected, RFD = True 
N; = fe = 8 MHz, 

T, (High Speed) 


RSO ~ RS2 
cS 








STANDARD MICROSYSTEMS 


CORPORATION 


35 Marcus Bivd., Hauppauge, N.Y. 11788 
(516) 273-3100 © TWX-510-227-8898 





Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS COM 8004 
ae [LPC FAMILY 





Dual 32 Bit CRC SDLC Generator/Checker 
CRC-32 





FEATURES PIN CONFIGURATION = 
CO SDLC 32 bit CRC = 
C1 COM 5025 USYNRT Companion MRA 1 20 Vec 3 
CO] Data Rate—2MHz typical CLKINA 2 19 EFLGRB : 
C2 All Inputs and Outputs are TTL Compatible 
C Single +5 Volt Supply CLKOUTA 3 18 EFLGB 
C1 COPLAMOS® N-Channel! MOS Technology SERINA 4 17 MODEB 
SEROUTA 5 16 ENAB 
GENERAL DESCRIPTION ENAA 6 15 SEROUTB 
SMC’'s COM 8004 is a dual 32-bit CRC Generator/ MODEA 7 14 SERINB 
Checker for use with SDLC protocols. It is a 
companion device to SMC’s COM 5025 USYNRT. EFLGA 8 13 CLKOUTB 
It operates at bit rates from DC to 2.0 MHz froma 
single+5v supply and is housed in a 20 lead x 0.3 EFLGRA 9 TeGL RING 
inch DIP. Allinputs and outputs are TTL compatible GND 10 11 MRB 


with full noise immunity. 


The COM 8004 is comprised of two independent 
halves, and each half may be operated in the check 
or generate mode. The polynominal used in 
computations is: BLOCK DIAGRAM 

X92 + X26 + X29 + X22 + X16 + X12 + X11 + X10 + XB + X7 + XS + FOR ONE-HALF OF THE COM 8004 
X4+X2+X+1. 
The CRC register is initialized to all ones and the 
result is inverted before being appended to the — 
message. The expected remainder is: 

X31 + K30 + K26 + K25 + K24 + K18 + K15 + K14 + K124 K 11 + K104 
X8+ X6+ X5+ X4+ X34 X+ 1. ; 
Each half has a nine-bit serial data shift register. NON-SIG 
Data moves on the positive edge of theclock, andall Sateen 
clocked inputs are designed for zero-hold-time 
(e.g. 7474). A“clock out” pin provides gated clocks 
to the accompanying USYNRT (COM 5025). 


In the generate mode, computation is initiated upon 
detection ofa flag character in the serial bit stream. 
CRC computation proceeds upon the serial data 

until a second flag is detected. CLK OUT to the TYPICAL SYSTEM 


SDLC transmitter is then halted, and the 32-bit CRC Tso SER IN Speie 
is passed out; CLK OUT is then resumed, and the 
flag character is passed out. Nonsignificant zeros CLK IN 


are automatically stripped and stuffed, and shared 
flags are supported. If the data between flags is less 
than two full bytes, the CRC is discarded and the 
serial data stream remains unaltered. 


In the check mode, computation is similarly 

_initiated upon detection of a flag. Detection of a 
second flag causes the conditional setting of the 
error flag. A separate reset pin is provided for the 
error flag. No error is flagged on messages of less 
than two full bytes between flags. Detection of an 
abort character (7 consecutive ones) in either mode 
causes computation to be reset and a search foran 
opening flag resumed. 


PACKAGE: 20 pin D.L.P. 











163 




































Serial input to the COM 8004 Section A. For transmission, SERINA 
is connected to the transmitter serial output of the USYNRT. 

For receiving, SERINA is connected to the received data output 

of the modem. 





SERIAL OUTPUT-A 


Serial output from Section A of the COM 8004. For transmission, 
SEROUTA is connected to the transmit data input of the modem. For 
receiving, SEROUTA may be connected to the serial data input of 
the USYNRT. 















When ENAA is low, section A of the COM 8004 will pass data from 
SERINA to SEROUTA after a nine bit delay without alteration 

and without checking or generating CRC. If ENAA is high, CRC 
generation or checking will be enabled. ENAA is gated into the 
COM 8004 by the rising edge of CLKINA. 


MODEA determines whether Section A of the COM 8004 is in 
the receive (CRC check) Mode or transmit (CRC generate) Mode. 
Logic 1” selects CRC check. Logic “0” selects CRC generate. 


DESCRIPTION OF PIN FUNCTIONS 
output flip-flop) to a logic “1” (Mark). The COM 8004 will only exit 
CLOCK OUTPUT-A CKLOUTA Clock output from Section A. This is used to provide the clock for 
check character has been sent out. After the last bit of the CRC 
MODE SELECT-A MODEA 


| PIN NO. NAME SYMBOL FUNCTION 
the reset state when MRA has been released and all 8 bits of a 
the USYNRT. CLKOUTA will normally track CLKINA. Inthe generate 
character is transmitted, CLKOUTA will resume tracking CLKINA. 
3 SERIAL INPUT-A SERINA 
| ERROR FLAG-A EFLGA 


1 MASTER RESET-A MRA presets the CRC calculation in Section A of the COM 8004 
FLAG (01111110) have been received. 
mode, when the last flag bit has been shifted into the shift register 
SEROUTA 
ERROR FLAG RESET- EFLGRA 
GROUND 


MRA 
to all ones and forces the “pipeline” (8 shift register bits and the 
CLOCKINPUT-A CLKINA Baud Rate Clock for Section A. 
of the COM 8004, CLKOUTA will be held high until the CRC 
-_ ENABLE-A ENAA 
T-A 
MASTER RESET-B 
B 
B 










EFLGA will go high if, when in the CRC check mode, section A 
of the COM 8004 has detected an error. EFLGA can only be reset 
by a MASTER RESET (MRA) or by ERROR FLAG RESET (EFLGRA). 






A logic “1” on EFLGRA will reset EFLGA. If EFLGRA is kept ata 
logic “1,” it will inhibit the setting of EFLGA. 


Master reset for Section B. See MRA for description. | 


ERROR FLAG RESET-B EFLGRB Error flag reset for Section B. See EFLGRA for description. 
POWER SUPPLY 


Vec +5 volt power supply input. 
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OPERATION 


The COM 8004 has 3 modes of operation, as selected by CRC Generation 

the ENABLE and MODE SELECT inputs. They are: Upon detection of a closing FLAG character, CLKOUT 
is left high (stopping USYNRT activity), and the CRC 
ENABEE, “MODE SELECT . . accumulation is shifted out by CLKIN. CLKOUT then 
0 0 CRC Disabled. Data is resumes clocking, and the FLAG (which has been stored 
shifted from SERIN to in the shift register) is shifted out. The CRC check data 
SEROUT with no compu- is inverted before this data is transmitted. Zero-stuffing 

tation performed. Serial is performed on the inverted CRC check data. 


delay is 9 bit times. 
: During the time CKLOUT is forced high and CRC check 


0 1 Same as above. data is being shifted out, data on SERIN will be ignored. 


1 0 CRC generation mode. lf an ABORT character is received, CRC calculation will 
1 1 CRC check mode. cease after the last “1” bit of the ABORT character is 
In the CRC generation and check modes, calculations Shifted into the shift register. Data will pass through the 
begin upon receipt of the first data character after an COM 8004 without effect until a FLAG is received. 
opening FLAG. “Stuffed zeroes” are stripped for the 
purpose of the CRC calculation. CRC calculation will CRC Check (Reception) 
continue until either a MASTER RESET occurs, ENABLE When the last bit of a closing flag enters the shift regis- 
is brought to logic zero, an ABORT character is received, ter, ERRCHK will go high on the following positive 
or a closing FLAG is received. CLKIN transition if a CRC error is detected. 


= 
oO 
— 
Oo 
vr 
(7) 





Operation Notes 


Note 1: The minimum message size is sixteen significant bits following an opening 
flag. A stuffed zero is not considered a significant bit. If the message is less than 
16 bits, the data will pass through the COM 8004 without being affected. 


if the sixteenth received bit is the fifth consecutive one, but is not followed by a 
stuffed zero before a FLAG, the COM 8004 will detect the FLAG but the minimum 
message will not have occurred. CRC calculation will begin anew after this 

FLAG is detected. 


061111118 DDDDODDDD DD@11111 (MISSING STUFFED @) 61111110 


OPENING CLOSING 
FLAG LAST “1” IN THE BIT 16 LOCATION. FLAG 


Note 2: If the seventeenth bit of a message followed by a FLAG is the fifth consecutive 
one, but the stuffed zero is missing, the following will occur: 


A) CRC Generate Mode: The last “one” bit, bit 17, will not be calculated into the 
CRC, but will appear at the serial output. The first bit of the CRC character 
will be forced to a zero, therefore looking like a stuffed zero. 


B) CRC Check Mode: The last “one” bit, bit 17, will not be calculated into the CRC. 


61111118 DDDDDDDD DDD@1111 1 (MISSING STUFFED @) 61111110 


OPENING CLOSING 
FLAG LAST “1” IN THE BIT 17 LOCATION. FLAG 


Note 3: If a stuffed zero is missing in the middle or end of a message, the reaction will 
depend on the next bit. If it is a one, a FLAG or ABORT may be detected. If an 
ABORT is detected, the message and the CRC checking is aborted. If a FLAG 
is detected, a CRC error will be detected. 


If the missing zero is followed by a zero, the CRC computation will continue, 
but the zero bit will be stripped, causing a CRC error. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ....... cece cece ec ee ee eect erence erence ‘ices ele aNe Risto sewirace's o°c to + 70°C 
Storage: Temperature Range. oii cides avis ee bea a aid dierele See de hale bo ee Veced ee edie -55°C to +150°C 
Lead Temperature (Soldering, 10 SEC.) 2... ccc cece cece ee eee eee eee reece eee eters tate eset eenee +325°C 
Positive Voltage on any Pin, with respect to ground .......... cece cece cee cent te eeees doa etre deeicd +8.0V 
Negative Voltage on any Pin, with respect to Ground ....... cece cece cece eee cee eee renee eee eee neeees -0.3V 


“Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes 
or “glitches” on their outputs when the AC power is switched on and off. In addition, voltage transients on the 
AC power line may appear on the DC output. If this possibility exists it is suggested 
that a clamp circuit be used. 




























PARAMETER 
DC CHARACTERISTICS 
Input Voltage Levels 


Low Level 

High Level 
Output Voltage Levels 

Low Level Io. = 1.6 mA 

High Level Tou = -100 vA 
Input Capacitance 
Power Supply Current 

AC CHARACTERISTICS Ta = 25°C 

Clock Frequency 
Clock Pulse Width—High Figure 1 
Input Set-Up Time Figure 1 
Input Hold Time Figure 1 
Master Reset Pulse Width Figure 2 
Reset Delay .Figure 2 
Error Flag Delay Figure 3 
Error Flag Reset Delay Figure 4 
ERRST Pulse Width Figure 4 
Clock Propagation Delay Figure 5 


SEROUT Propagation Delay Figure 5 


Figure 1 


SERIN, MODE 
ENA, ERFLGR 
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OUTPUTS DETERMINED 
ALL OUTPUTS BY PREVIOUS CONDITIONS UNDEFINED ——>| 


Figure 3 


CLOSING FLAG ————-——________—""""_>_ 


SERIAL IN 


CRC ERR 


Figure 4 


CRC ERR 
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RESET STATE 





= 
“oO 
a 
i=) 
uw 
” 





CLKOUT 


SEROUT 


STANDARD MICROSYSTEMS 





35 Marcus Bivd. Hauppauge. NY 11788 
(516) 273-3100 TWX-510-227-8898 


Figure 5 


500 ns min 


350 ns min 





Circuit diagrams utilizing SMC products are included as a means Of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. : 
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STANDARD MICROSYSTEMS COM 8017 
ok COM 8502 
——_ F-~ 


Universal Asynchronous Receiver/Transmitter 
UART Pin Configuration 


FEATURES 
C] Single +5V Power Supply 


XC Direct TTL Compatibility — no interfacing circuits 
required 





C1 Full or Half Duplex Operation—can receive and 
transmit simultaneously at different baud rates 


C1 Fully Double Buffered— eliminates need for precise 
external timing 


C Start Bit Verification decreases error rate 


C Fully Programmable — data word length; parity mode; 
number of stop bits: one, one and one-half, or two 


High dO tion — 40K baud, 20 t 
LJ] High Speed Operation au Ons strobes SiGKAGE Muna 





CJ] Master Reset — Resets all status outputs 
C Tri-State Outputs— bus structure oriented Functional Block Diagram 


(1) Low Power— minimum power requirements - TD2 TD3 TD4 TDS TD6 TD7 TD8 


CJ Input Protected— eliminates handling problems eee 


LJ] Ceramic or Plastic Dip Package— easy board insertion es gael Sag ibe ba 
CL) Compatible with COM 2017, COM 2502 L 

TRANSMITTER 
L] Compatible with COM 8116, COM 8126, COM 8136, SHIFT 


REGISTER 
COM 8146, COM 8046 Baud Rate Generators 


GENERAL DESCRIPTION 


The Universal Asynchronous Receiver/Transmitter is STATUS 
an MOS/LSI monolithic circuit that performs all the BUErEA 
receiving and transmitting functions associated with REGISTER 


asynchronous data communications. This circuit is 

fabricated using SMC's patented COPLAMOS® tech- 
nology and employs depletion mode loads, allowing TIMING AND CONTROL RECEIVER 
operation from a single +5V supply. The duplex mode, 
baud rate, data word length, parity mode, and number 


of stop bits are independently programmable through = 
the use of external controls. There may be 5, 6, 7 or 8 REGISTER 


data bits, odd/even or no parity, and 1, or 2 stop bits. In 
addition the COM 8017 will provide 1.5 stop bits when 
programmed for 5 data bits and 2 stop bits. The UART | RECEIVER BUFFER REGISTER | BUFFER REGISTER 
can operate in either the full or half duplex mode. These 
programmable features provide the user with the ability 
to interface with all asynchronous peripherals. 


| 4 aT RDS peli RD3 RD2 RD1 
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DESCRIPTION OF OPERATION— TRANSMITTER 


At start-up the power is turned on, a clock whose 
frequency is 16 times the desired baud rate is 
applied and master reset is pulsed. Under these 
conditions TBMT, TEOC, and TSO are all at a high 
level (the line is marking). 

When TBMT and TEOC are high, the control bits 
may be set. After this has been done the data bits 
may be set. Normally, the control bits are strobed 


into the transmitter prior to the data bits. However, © 


as long as minimum pulse width specifications 
are not violated, TDS and CS may occur simulta- 
neously. Once the date strobe (TDS) has been 
pulsed the TBMT signal goes low, indicating that 
the data bits buffer register is full and unavailable to 
receive new data. 


If the transmitter shift register is transmitting pre- 
viously loaded data the TBMT signal remains low. 
If the transmitter shift register is empty, or when itis 
through transmitting the previous character, the 
data in the buffer register is loaded immediately into 
the transmitter shift register and data transmission 


commences. TSO goes low (the start bit), TEOC 
goes low, the TBMT goes high indicating that the 
data in the data bits buffer register has been loaded 
into the transmitter shift register and that the data 
bits buffer register is available to be loaded with 
new data. 


lf new data is loaded into the data bits buffer register 
at this time, TBMT goes lowand remainsinthis state 
until the present transmission is completed. One 
full character time is available for loading the next 
character with nolossinspeed of transmission. This 
is an advantage of double buffering. 


Data transmission proceeds in an orderly manner: 
start bit, data bits, parity bit (if selected), and the 
stop bit(s). When the last stop bit has been on the 
line for one bit time TEOC goes high. If TBMT is 
low, transmission begins immediately. If TBMT is 
high the transmitter is completely at rest and, if 
desired, new control bits may be loaded prior to the 
next data transmission. 


TRANSMITTER BLOCK DIAGRAM 


OOD/EVEN 

PARITY SELECT 
NUMBER OF 
DATA BITS 


NO NUMBER 
PARITY STOP BITS 


CONTROL BITS HOLDING REGISTER 


TO 
RECEIVER 


LOAD 


TIMING GENERATOR [_[ SHIFT TRANSMITTER SHIFT REGISTER a 
* PARITY BIT GENERATION LOGIC 


DATA BITS HOLDING REGISTER 


STEERING LOGIC 


OB8 DB7 DB6 OBS DB4 DB3 OB2 DBI 


BUFFER DATA STROBE 


TRANSMITTER 
BUFFER 
EMPTY 


SERIAL 
OUTPUT 
OUTPUT 


LOGIC 


END OF 
CHARACTER 





DESCRIPTION OF OPERATION— RECEIVER 


At start-up the power is turned on, a clock whose 
frequency is 16 times the desired baud rateis applied 
and master reset is pulsed. The data available (RDA) 
signal is now low. There is one set of control bits for 
both the receiver and transmitter. 


Data reception begins when the serial input line 
transitions from mark (high) to space (low). If the 
RSI line remains spacing for a1/2 bittime, agenuine 
start bit is verified. Should the line return toa mark- 
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ing condition prior toa 1/2 bit time, the start bit veri- 
fication process begins again. A mark to space 
transition must occur in order to initiate start bit 
verification. Once a start bit has been verified, data 
reception proceeds in an orderly manner: start bit 
verified and received, data bits received, parity bit 


.. received (if selected) and the stop bit(s) received. 


If the transmitted parity bit does not agree with the 
received parity bit, the parity error flip-flop of the 


status word buffer register is set high, indicating a 
parity error. However, if the no parity mode is se- 
lected, the parity error flip-flop is unconditionally 
held low, inhibiting a parity error indication. If a 
stop bitis notreceived, due to animproperly framed 
character, the framing error flip-flop is set high, 
indicating a framing error. 

Once a full character has been received internal 
logic looks at the data available (RDA) signal. If, at 
this instant, the RDA signal is high the receiver 
assumes that the previously received character has 


not been read out and the over-run flip-flop is set 
high. The only way the receiver is aware that data 
has been read out is by having the data available 
reset low. 


At this time the RDA output goes high indicating 
that all outputs are available to be examined. The 
receiver shift register is now available to begin re- 
ceiving the next character. Due to the double buf- 
fered receiver, a full character time is available to 
remove the received character. 


RECEIVER BLOCK DIAGRAM 


RO8 RD7 ROG RDS RD4 ROZ RO2 ADI 


AND GATE 


DATA BITS HOLDING REGISTER ~ 
BUFFER 


CONTROL 
BITS FROM 
HOLDING 
REGISTER 


16xR 
clock TIMING GENERATOR 


FRAMING 
ERROR 


OVER RUN PARITY ERROR 


TRANSMITTER 


DATA 
AVAILABLE BUFFER EMPTY 


Statue 
WOR AND GATE 
— | | | 


STATUS WORD 
HOLDING REGISTER 


RESET DATA 
AVAILABLE 


“SERIAL START BIT PARITY BIT ej RIGHT RECEIVER SHIFT 
INPUT VERIFICATION a CHECKING LOGIC % JUSTIFY LOGIC i cp REGISTER 


DESCRIPTION OF PIN FUNCTIONS . 























PINNO. SYMBOL NAME 

1 Vcc Power Supply 

2 NC No Connection 

3 GND Ground 

4 RDE Received Data 
Enable 

5-12 RD8-RD1 Receiver Data 
Outputs 

13 RPE Receiver Parity 
Error 

14 RFE Receiver Framing 


Error 


FUNCTION 





+5 volt Supply 





No Connection 





Ground 





A low-level input enables the outputs (RD8-RD1) of the 
receiver buffer register. 





These are the 8 tri-state data outputs enabled by RDE. 


Unused data output lines, as selected by NDB1 and NDB2, 


have a low-level output, and received characters are right 
justified, i.e. the LSB always appears on the RD1 output. 





This tri-state output (enabled by SWE) is at a high-level if 
the received character parity bit does not agree with the 
selected parity. 


This tri-state output (enabled by SWE) is at a high-level if 
the received character has no valid stop bit. 
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SECTION il 





PINNO. SYMBOL 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26-33 


34 


35 


ROR 


SWE 


RCP 


RDAR 


RDA 


RSI 


MR 


TBMT 


TEOC 


TSO 


TD1-TD8 


cS 


NPB 


DESCRIPTION OF PIN FUNCTIONS 


NAME 


Receiver Over 
Run 


Status Word 
Enable 


Receiver Clock 


FUNCTION 





This tri-state output (enabled by SWE) is at a high-level if 

the previously received character is not read (RDA output 
not reset) before the present character is transferred into 

the receiver buffer register. 





A low-level input enables the outputs (RPE, RFE, ROR, 
RDA, and TBMT) of the status word buffer register. 





This input is a clock whose frequency is 16 times (16X) the 
desired receiver baud rate. 





Receiver Data 
Available Reset 


Receiver Data 
Available 


Receiver Serial 
Input 


Master Reset 


Transmitter 
Buffer Empty 


Transmitter 
Data Strobe 


Transmitter End 


of Character 


Transmitter 
Serial Output 


Transmitter 
Data Inputs 


Control Strobe 


No Parity Bit 


A low-level input resets the RDA output to a low-level. 





This tri-state output (enabled by SWE) is at a high-level 
when an entire character has been received and transferred 
into the receiver buffer register. 





This input accepts the serial bit input stream. A high-level 
(mark) to low-level (space) transition is required to initiate 
data reception. 


This input should be pulsed to a high-level after power 
turn-on. This sets TSO, TEOC, and TBMT to a high-level 
and resets RDA, RPE, RFE and ROR to a low-level. 


This tri-state output (enabled by SWE).is at a high-level 
when the transmitter buffer register may be loaded with 
new data. 


A low-level input strobe enters the data bits into the 
transmitter buffer register. 





This output appears as ahigh-level each timea full character 
is transmitted. It remains at this level until the start of 
transmission of the next character or for one-half of a TCP 
period in the case of continuous transmission. 


This output serially provides the entire transmitted 
character. TSO remains at a high-level when no data is 
being transmitted. 





There are 8 data input lines (strobed by TDS) available. 
Unused data input lines, as selected by NDB1 and NDB2, 
may be in either logic state. The LSB should always be 
placed on TD1. 





A high-level input enters the contro! bits (NDB1, NDB2, 
NSB, POE and NPB) into the control bits holding register. 
This line may be strobed or hard wired to a high-level. 








‘A high-level input eliminates the parity bit from being 


transmitted; the stop bit(s) immediately follow the last data 
bit. In addition, the receiver requires the stop bit(s) to follow 
immediately after the last data bit. Also, the RPE output is 
forced to a low-level. See pin 39, POE. 
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DESCRIPTION OF PIN FUNCTION 








PINNO. SYMBOL NAME FUNCTION 
36 NSB Number of This input selects the number of stop bits. A low-level input 
Stop Bits selects 1 stop bit; a high-level input selects 2 stop bits. 


Selection of 2 stop bits when programming a 5 data bit word 
generates 1.5 stop bits from the COM 8017 or COM 8017/H. 

















37-38 NDB2, Number of Data These 2 inputs are internally decoded to select either 5, 6, 7, 
NDB1 Bits/Character or 8 data bits/character as per the following truth table: 
NDB2 NDB1 data bits/character 
L L 5 = 
L H 6 S 
H L 7 = 
HH 8 Py 
39 POE Odd/Even Parity The logic level on this input, in conjunction with the NPB 
Select input, determines the parity mode for both the receiver and 
transmitter, as per the following truth table: 
NPB POE MODE 
L L odd parity 
L H even parity 
H X no parity 
X = don’t care 
40 TCP Transmitter This input is a clock whose frequency is 16 times (16X) the 
Clock desired transmitter baud rate. 





TRANSMITTER TIMING —8 BIT, PARITY, 2 STOP BITS 


ToS | 

TBMT I | | 

TSO [START{DATA1] «++. [DATAS|PARITY|STOP 1 STOP2] START 
Sait e- 

TEOC | time | 
TRANSMITTER START-UP 

mr aL oes fy 1 a Oh 

= 1/16 

TOS | 4 ok ts 

TsO _ | mer sais 2 e 

s 


Upon data transmission initiation, or when not transmitting at 100% line utilization, the start bit willbe placed 
on the TSO line at the high to tow transition of the TCP clock following the trailing edge of TDS. 


RECEIVER TIMING—8 BIT, PARITY, 2 STOP BITS 


RSI START | DATA v eteee TDATA 8 PARITY STOP 1 STOP 2] START 
pape) Uemeadaeeel etapa aicanede 


CENTER BIT 
SAMPLE 

. —> <— 1/16 Bit time 
RDAY OW em me ea enn ae acer ee 7 






RDA** 


“The RDA line was previously not reset (ROR = high-level). 
**The RDA line was previously reset (ROR = low-level). 


START BIT DETECT/VERIFY 


RCP | | | | | | | 
M Begin verify f_ Begin verify 
RSI | | 

Ss 


If the RSI line remains spacing for a 1/2 bit time, a genuine start bit is verified. Should the line return toa 
marking condition prior to a 1/2 bit time, the start bit verification process begins again. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ......... cece ccc cee eee ence een etn ee eeneeteeees o°Cto+ 70°C 
Storage Temperature Range ......... cece cece cee eee ne tee e ee eee eeeeees —55°C to +150°C 
Lead Temperature (Soldering, 10 SEC.)... 6... eee ccc cece teen eee eee e eee e tence teaes +325°C 
Positive Voltage on any Pin, with respect to ground ......... ccc eee ccc cee ene eee eeeeeees +8.0V 
Negative Voltage on any Pin. with respect to Ground ....... ce cece eee ce cece tenn ne tees —0.3V 


Stresses above those listed may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at any other condition above 
those indicated in the operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, itis important 
that the Absolute Maximum Ratings not be exceeded or device failure can result. Some 
power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power is 
switched on and off. In addition, voltage transients on the AC power line may appear on the 
DC output. If this possibility exists it is suggested that at clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta =0°C to 70°C, Vcc=+5V +5%, unless otherwise noted) 


Parameter Comments 


D.C. CHARACTERISTICS 

INPUT VOLTAGE LEVELS | 
Low-level, Vit 
High-level, Vin 

OUTPUT VOLTAGE LEVELS 
Low-level, Vot 
High-level, Vou 

INPUT CURRENT 
Low-level, tic 

OUTPUT CURRENT 
Leakage, Ito 
Short circuit, los** 

INPUT CAPACITANCE 
All inputs, Cin 

OUTPUT CAPACITANCE 
All outputs, Court 

POWER SUPPLY CURRENT 
Icc 


A.C. CHARACTERISTICS 
CLOCK FREQUENCY 


lo. =1.6mA 
loH = —100nA 


Vin = GNo 


SWE = RDE = Vio, O <= Vout = +5V 
Vout =0V 


SWE = RDE = Vin 


All outputs = Vou, All inputs = Vcc 
Ta = +25°C 


COM8502, COM 8017 RCP, TCP 
PULSE WIDTH 
Clock RCP, TCP 


Master reset 

Control strobe 

Transmitter data strobe 
Receiver data available reset 


INPUT SET-UP TIME 


Data bits TD1-TD8 

Control bits NPB, NSB, NDB2, NDB1, POE 
INPUT HOLD TIME 

Data bits TD1-TD8 

Control bits NPB, NSB, NDB2, NDB1, POE 


STROBE TO OUTPUT DELAY 
Receive data enable 
Status word enable 


OUTPUT DISABLE DELAY 
**Not.more than one output should be shorted at a time. 


Load = 20pf +1 TTL input 
RDE: Tep1, Tepo 

SWE: Tro1, Tevo 

RDE, SWE 








NOTES: 1. If the transmitter is inactive (TEOC and TBMT areata high-level) the start bit willappear on the TSO line within 
one clock period (TCP) after the trailing edge of TDS. 


2. The start bit (mark to space transition) will always be detected within one clock period of RCP, guaranteeing 
a maximum start bit slippage of 1/16th of a bit time. 


3. The tri-state output has 3 states: 1) lowimpedance to Vcc 2) lowimpedance to GND 3) high impedance OFF = 
10M ohms The “OFF” state is controlled by the SWE and inputs. 
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DATA/CONTROL TIMING DIAGRAM 


VIH 
Vit 


TSET-UP 


VIH 


DATA INPUTS VIL 


tr=tf=20ns 
Tset-up =0 
THoto =0 


VIH 
VIL 


cs 


TSET-UP 


VIH 
IL 


CONTROL INPUTS 


*input information (Data/Control) need only be valid during 
the last Tew, min time of the input strobes (TDS, CS). 


OUTPUT TIMING DIAGRAM 


(RD1-RD8, RDA, 
RPE, ROR, RFE, TBMT) 


Tpo1, TPDO 


NOTE: Waveform drawings not to scale for clarity. 
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Outputs Disabled 





=z 
o 
roy 
[a ) 
uw 
~” 





FLOW CHART—TRANSMITTER FLOW CHART— RECEIVER 


1. TURN POWER ON . . 1. TURN POWER ON 
2. PULSE EXTERNAL RESET 2. PULSE EXTERNAL RESET 
3. SELECT BAUD RATE— 16 x CLK 3. SELECT BAUD RATE —16 x CLK 


4 SET CONTROL BITS 


TBMT = 1 
EOC =1 
SO = 1(STOP BIT) 
HAS 


SET CONTROL BITS — PULSE CS 
THE LINE 
TRANSITIONED 
SET DATA BITS FROM MARKING TO 


SPACING 
? 


ee. 
TOS BEEN HAS 


PULS A START 
? ED. BIT BEEN VERIFIED 
- 





8-16 x CLK 


IS 
TRANSMITTER 
SHIFT REGISTER 
EMPTY ? 
(EOC - 1) . : HAS 
1 BIT TIME 
ELAPSED ? 
16 - 16 x CLK 


1 LOAD'TRANSMITTER SHIFT REGISTER 
2. SO - O(START BIT) 
3. EOC -0 





HAS THE 
SELECTED NUMBER 
OF DATA BITS BEEN 

RECEIVED 





HAS 
1 BIT TIME 
ELAPSED ? 


{16 - 16 x CLK) 
. HAS 
1 BIT TIME 


YES 
ELAPSED 
SHIFT 1 BIT RIGHT IN THE ? 
TRANSMITTER SHIFT REGISTER 


HAS 
TRANSMIT START BIT, DATA SET PARITY THE PROPER YES] SET PARITY 
BITS, SELECTED PARITY MODE, ERROR REGISTER PARITY BIT BEEN ERROR REGISTER 
AND STOP BIT(S) TO! TOO 


RECEIVED 
? 





HAS : 
THE LAST HAS 
STOP BIT BEEN ON THE 1 BIT TIME 
LINE FOR 1 BIT ELAPSED 
TIME ? 2 


YES 
eee eo SET FRAMING ASTOR BIT ves | SET FRAMING 
ERROR REGISTER BEEN RECEIVED ERROA REGISTER 
TO > Too 
ARE 
NO THERE NEW 
CONTROL BITS 
? 
YES SET OVER-RUN NO Is YES SET OVER-RUN 
REGISTER RDA =0 REGISTER 
TO1 7 TOO 


TRANSFER DATA BITS FROM SHIFT REGISTER 
TO DATA BITS HOLDING REGISTER 











EXAMINE OUTPUTS 
1. STROBE STATUS WORD ENABLE 
2. STROBE DATA ENABLE 


RESET DATA AVAILABLE — DA=0 





STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 


tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
CORPORATION, information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
ee assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
(gi6) 273-3100 THX-510-207-8808 devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 

at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
——$_—— 


COM 8251A 


[LPC FAMILY 


Universal Synchronous /Asynchronous 
Receiver/ Transmitter 


USART | 


FEATURES 


C1 Asynchronous or Synchronous Operation 
— Asynchronous: 
5-8 Bit Characters 
Clock Rate —1, 16 or 64 X Baud Rate 
Break Character Generation 
1, 1% or 2 Stop Bits 
False Start Bit Detection 
Automatic Break Detect and Handling 
— Synchronous: 
5-8 Bit Characters 
Internal or External Character Synchronization 
Automatic Sync Insertion 
Single or Double Sync Characters 
Programmable Sync Character(s) 
C Baud Rate — Synchronous— DC to 64K Baud 
—Asynchronous—DC to 19.2K Baud 
LC Baud Rates available from SMC’s COM 8116, 
COM 8126, COM 8136, COM 8146, and COM 8046 





PIN CONFIGURATION 


D1 

DO 

Vec 

RxC 

OTR 

RTS 

DSR 
RESET 
CLK 

TxD 
TxEMPTY 
CTS 
SYNDET/BO 
TxRDY 


4 
r= 
oOo. 
tu 
7a 





4 
2 
3 
4 
5 
6 
7 
8 
9 


PACKAGE: 28-pin D.LP. 


C) Full Duplex, Double Buffered Transmitter and (1) Compatable with Intel 8251A, NEC uPD8251A 
Receiver UO Single +5 Volt Supply 

CJ Odd parity, even parity or no parity bit C] Separate Receive and Transmit TTL Clocks 

L) Parity, Overrun and Framing Error Flags C] Enhanced version of 8251 

LJ Modem Interface Controlled by Processor LC) 28 Pin Plastic or Ceramic DIP Package 

(J All Inputs and Outputs are TTL Compatible CL] COPLAMOS® N-Channel MOS Technology 


GENERAL DESCRIPTION 


The COM 8251A is an MOS/LSI device fabricated 
using SMC’s patented COPLAMOS® technology that 
meets the majority of asynchronous and synchronous 
data communication requirements by interfacing 
parallel digital systems to asynchronous and 
synchronous data communication channels while 
requiring a minimum of processor overhead. The 
COM 8251A is an enhanced version of the 8251. 


The COM 8251A is a Universal Synchronous/ 
Asynchronous Receiver/Transmitter (USART) 
designed for microcomputer system data 
communications. The USART is used as a peripheral 
and is programmed by the processor to communicate 
in commonly used asychronous and synchronous 
serial data transmission techniques including IBM 
Bi-Sync. The USART receives serial data streams and 
converts them into parallel data characters for the 
processor. While receiving serial data, the USART 
will also accept data characters from the processor in 
parallel format, convert them to serial format and 
transmit. The USART will signal the processor when it 
has completely received or transmitted a character 
and requires service. Complete USART status, 
including data format errors and control signals such 
as TxE and SYNDET, is available to the processor at 
any time. 
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BLOCK DIAGRAM 


TRANSMIT 
BUFFER 
(PS) 


READ/WRITE 
CONTROL 
LOGIC 


TRANSMIT 
CONTROL 


RECEIVE 
BUFFER 
(S-P) 


MODEM 
CONTROL 


I 
N 
T 
E 
R 
N 
A 
L 
D 
A 
T 
A 
1 
| 
Ss 


RxRDY 
RECEIVE 
CONTROL P* AX 
SYNDET/ 
BRKDET 


DESCRIPTION OF PIN FUNCTIONS 


INPUT/ 
SYMBOL NAME OUTPUT FUNCTION 


1,2, 27, |D2, D3, DO, DATA BUS VO An 8-bit, 3-state bi-directional DATA BUS used to interface the 
COM 8251A to the processor data bus. Data is transmitted or 
received by the bus in response to input/output or Read/Write 
instructions from the processor. The DATA BUS also transfers 
| Control words, Command words, and Status. 


28,5-8 | D1, D4-D7 
ae RECEIVER DATA == This input receives serial data into the USART. 


TxC TRANSMITTER The TRANSMIT TER CLOCK controls the serial character trans- 
mission rate. In the Asynchronous mode, the TxC frequency is 
a multiple of the actual Baud Rate: Two bits of the Mode Instruc- 
tion select the multiple to be 1X, 16X, or64X the Baud Rate. Inthe 
Synchronous mode, the TxC frequency is automatically se- 
lected to equal the actual Baud Rate. 
Note that for both Synchronous and Asynchronous modes, 
serial data is shifted out of the USART by the fallingedgeof TxC. 
10 WR WRITE DATA A “zero” on this input instructs the COM 8251A to accept the 
; . data or control word which the processor is wugng out to the 
"1 cs CHIP SELECT [3 


USART via the DATA BUS. 
12 Cc/D ' CONTROL/DATA ot 
. ae aca ‘ea 


14 RxRDY RECEIVER READY 
















































A“zero” on this input enables the USART forreading andwriting 
to the processor. When CS is high, the DATA BUS isin the float 
state and RD and WR will have no effect on the chip. 





The Control/Data input, in conjunction with the WR and RD 
inputs, informs the USART to accept or provide either a data 
character, control word or status information via the DATA BUS. 
0 = Data; 1 = Control/Status 








A“zero” on this input instructs the COM 8251A to place the data 
or ara information onto the DATA BUS for the processor 
to read. 





The RECEIVER READY output indicates that the Receiver 
Buffer is ready with an “assembled” character for input to the 
processor. For. polled operation, the processor can check 
RxRDY using a Status Read or RxRDY can beconnected to the 
processor interrupt structure. Note that reading the character 
to the processor automatically resets RxRDY. 





TxRDY | TRANSMITTER READY TRANSMITTER READY signals the processor that the trans- 
mitter is ready to accept a data character. TxRDY can be used 
as an interrupt or may be tested through the Status information 
polled a hand TxRDY is automatically reset by the leading 


edge of when a data character is loaded from the processor. 

























SYNC DETECT/ The SYNDET feature is only used in the Synchronous mode. 
BRKDET BREAK DETECT The USART may be programmed through the Mode Instruction 
to operate in either the internal or external Sync mode and 
SYNDET then functions as an output or input respectively. In 
the internal SYNC mode, the SYNDET output will go toa “one” 
when the COM 8251A has located the SYNC character in the 
Receive mode. If double SYNC character (bi-sync) operation 
has been programmed, SYNDET will go to-“one” in the middle 
of the last bit of the second contiguously detected SYNC char- 
acter. SYNDET is automatically reset to “zero” upon a Status 
Read or RESET. In the external SYNC mode, a “zero” to “one” 
transition on the SYNDET input is sampled during the negative 
half cycle of RxC and will cause the COM 8251A to start as- 
sembling data character on the next rising edge of RxC. The 
length of the SYNDET input should beat least one RxC period, 
but may be removed once the COM 8251A is in SYNC. When 
external SYNC DETECT .§is progiammed, the internal SYNC 
DETECT is disabled. 
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INPUT/ 
SYMBOL NAME OUTPUT FUNCTION 


The SYNDET/BRKDET pin is used in both Synchronous and 
Asynchronous modes. When in SYNC mode the features for 
the SYNDET pin described above apply. Whenin Asynchronous 
mode, the BREAK DETECT output will go high whenanall zero 
word of the programmed length is received. T his word consists 
of: start bit, data bit, parity bitandonestopbit.Reset only occurs 
when Rx Data returns to a logic one state or upon chip RESET. 
The state of BREAK DETECT can also be read as a status bit. 
ayy CLEAR TO SEND | A “zero” onthe CLEAR TO SEND input enables the USART to 


transmit serial data if the TxEN bit in the Command Instruction 
ag TRANSMITTER EMPTY 


register is enabled (one). 

If either a TxXEN off or CTS off condition occurs while the Tx is 
eae a Le 
iw a “ 



































The TRANSMITTER EMPTY output signals the processor that 
the USART has no further characters to transmit. TxE is auto- 
matically reset upon receiving adatacharacter fromthe proces- 
sor. In half-duplex, TxE can be used to signal end of a trans- 
mission and request the processor to “turn the line around”. 
The TxEN bit in the command instruction does not effect TxE. 


In the Synchronous mode, a“one” on this output indicates that 
a SYNC character or characters are about to be automatically 
transmitted as “fillers” because the next data character has not 
been loaded; an underflow condition. If the USART is operat- 
ing inthe two SYNC character mode, bothSYNC characters will 
be transmitted before the message can resume. TxE does not 
go low when the SYNC characters are being shifted out. TxE 
goes low upon the processor writing a character to the USART. 

















This output is the transmitted serial data fromthe USART. When 
a transmission is concluded the TxD line will always return to 
the marking state unless SBRK is programmed. 





The CLK input provides for internal device timing. External 
inputs and outputs are not referenced to CLK, but the CLK 
frequency must be greater than 30 times the RECEIVER or 
TRANSMITTER CLOCKS in the 1X mode and greater than4.5 . 
times for the 16X and 64X modes. 











A “one” on this input forces the USART into the “idle” mode 
where it will remain until reinitialized with a new set of control 
words. RESET causes: RxRDY =TxRDY =TxEmpty=SYNDET/ 
BRKDET = 0; TxD = DTR = RST = 1. Minimum RESET pulse 
width is 6 tcy, CLK must be running during RESET. 







in operation, the Tx will transmit all the dataintheUSART written 
prior to the Tx Disable command before shutting down. 

RESET RESET 

oie oe 


ee he nie 





The DATA SET READY input can be tested by the processor 
via Status information. The DSR input is normally used to test 
Modem Data Set Ready condition. 







The REQUEST TO SEND output is controlled viathe Command 
word. The RTS output is normally used to drive the Modem 
Request to Send line. 






The DATA TERMINAL READY output is controlled via the 
Command word. The DTR output is normally used to drive © 
Modem Data Terminal Ready or Rate Select lines. 









The RECEIVER CLOCK is the rate at which the incoming char- 
acter is received. In the Asynchronous mode, the RxC frequency 
may be 1, 16 or 64 times the actual Baud Rate but in the Syn- 
chronous mode the RxC frequency must equal the Baud Rate. 
Two bits in the mode instruction select Asynchronous at 1X, 


DTR DATA_TERMINAL 
READY 
16X or 64X or Synchronous operation at 1X the Baud Rate. 


RECEIVER CLOCK 
aie is sampled into the USART on the rising edge of RxC. 


Tae | ve | vesureuy voutace | 68 | +svorauppy 
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DESCRIPTION OF OPERATION— ASYNCHRONOUS 


Transmission— 


When a data character is written into the USART, it auto- 
matically adds a START bit (low level or “space”) and the 
number of STOP bits (high level or “mark”) specified.by 
the Mode Instruction. If Parity has been enabled, an odd 
or even Parity bit is inserted just before the STOP bit(s), 
as specified by the Mode Instruction. Then, depending 
on CTS and TxEN, the character may be transmitted as a 
serial data stream at the TxD output. Data is shifted out by 
the falling edge of TxC at a transmission rate of TxC, 
TxC/16 or TxC/64, as defined by the Mode Instruction. 


If no data characters have been loaded into the USART, or 
if all available characters have been transmitted, the TxD 
output remains “high” (marking) in preparation for send- 
ing the START bit of the next character provided by the 
processor. TxD may be forced to send a BREAK (con- 
tinuously low) by setting the correct bit in the Command 
Instruction. 


Receive — 


The RxD input line is normally held “high” (marking) by 
the transmitting device. A falling edge (high to low transi- 
tion) at RxD signals the possible beginning of aSTART bit 
and a new character. The receiver is thus prevented from 
starting in a “BREAK” state. The START bit is verified by 
testing for a “low” at its nominal center as specified by the 
BAUD RATE. Ifa “low” is detected, it is considered valid, 
and the bit assembling counter starts counting. The bit 
counter locates the approximate center of the data, parity 
(if specified), and STOP bits. The parity error flag (PE) is 
set, if a parity error occurs. Input bits are sampled at the 
RxD pin with the rising edge of RxC. If a high is not de- 
tected for the STOP bit, which normally signals the end 
of an input character, a framing error (FE) will be set. After 
the STOP bit time, the input character is loaded into the 
paralled Data Bus Buffer of the USART and the RxRDY 
signal is raised to indicate to the processor that a character 
is ready to be fetched. If the processor has failed to fetch 
the previous character, the new character replaces the old 
and overrun flag (OE) is set. All the error flags can be reset 
by setting a bit in the Command Instruction. Error flag 
conditions will not stop subsequent USART operation. 


DESCRIPTION OF OPERATION—SYNCHRONOUS 


Transmission — 


As in Asynchronous transmission, the TxD output re- 
mains “high” (marking) until the USART receives the first 
character (usually aSYNC character) from the processor. 
After a Command Instruction has set TxEN and after 
Clear to Send (CTS) goes low, the first characteris serially 
transmitted. Data is shifted out on the falling edge of TxC 
at the same rate as TxC. 


Once transmission has started, Synchronous Data Pro- 
tocols require that the serial data stream at TxD continue 
at the TxC rate or SYNC will be lost. If a data character is 
not provided by the processor beforethe USART Transmit 
Buffer becomes empty, the SYNC character(s) loaded 
directly following the Mode Instruction will be automat- 
ically inserted in the TxD data stream. The SYNC char- 
acter(s) are inserted to fill the line and maintainsynchron- 
ization until the new data characters are available for 
transmission. If the USART becomes empty, and must 
send the SYNC character(s), the TxEMPTY output is 
raised to signal the processor that the Transmitter Buffer 
is empty and SYNC characters are being transmitted. 


TXEMPTY is automatically reset by the next character . 


from the processor. 


Receive — 


In Synchronous receive, character synchronization can 
be either external or internal. If the internal SYNC mode 


has been selected, the ENTER HUNT (EH) bit has been 
set by a Command Instruction, the receiver goes into the 
HUNT mode. 


Incoming data on the RxD input is sampled on the rising 
edge of RxC, and the contents of the Receive Buffer are 
compared with the first SYNC character after each bit has 
been loaded until a match is found. If twoSYNC characters 
have been programmed, the next received character is 
also compared. When the (two contiguous) SYNC char- 
acter(s) programmed have been detected, the USART 


.leaves the HUNT mode and is in character synchroniza- 


tion. At this time, the SYNDET (output) issethigh. SYNDET 
is automatically reset by a STATUS READ. 


If external SYNC has been specified in the Mode Instruc- 
tion, a “one” applied to the SYNDET (input) for at least 
one RxC cycle will synchronize the USART. 


. Parity and Overrun Errors are treated the same in the 


Synchronous as in the Asynchronous Mode. If not in 
HUNT, parity will continue to be checked even if the re- 
ceiver is not enabled. Framing errors do not apply in the 
Synchronous format. 


The processor may command the receiver to enter the 
HUNT mode with a Command Instruction which sets 
Enter HUNT (EH) if synchronization is lost. Under this 
condition the Rx register will be cleared to all “ones”. 
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OPERATION AND PROGRAMMING 


The microprocessor program controlling the COM 8251A 
performs these tasks: 


e Outputs control codes 

e Inputs status 

e Outputs data to be transmitted 

e Inputs data which has been received 


Control codes determine the mode in which the COM 
8251A will operate and are used to set or reset control 
signals output by the COM 8251A. 


The Status register contents will be read by the program 
monitoring this device's operation in order to determine 
error conditions, when and how to read data, write data or 
output control codes. Program logic may be based on 
reading status bit levels, or control signals may be used 
to request interrupts. 





INITIALIZING THE COM 8251A 


Figure 1. Control Word Sequences for Initialization 


MODE CONTROL 
COMMAND 
COMMAND 

DATA 


INITIALING 
SEQUENCE 





ASYNCHRONOUS OPERATION 


The COM 8251A may be initialized following a system 
RESET or prior to starting a new Seral I/O sequence. The 
USART must be RESET (external or internal) following 
power up and subsequently may be reset at any time 
following completion of one activity and preceding a 
new set of operations. Following a reset, the COM 8251A 
enters an idle state in which it can neither transmit nor 
receive data. 


The COM 8251A is initialized with two, three or four con- 
trol words from the processor. Figure 1 showsthe sequence 
of control words needed to initialize the COM 8251A, for 
synchronous or for asynchronous operation. Note that 
in asynchronous operation a mode control is output to 
the device followed by a command. For synchronous 
operation, the mode control is followed by one or two 
SYNC characters, and then a command. 


Only a single address is set aside for mode control bytes, 
command bytes and SYNC character bytes. For this to be 
possible, logic internal to the chip directs controlinforma- 
tion to its proper destination based on the sequence in 
which it is received. Following a RESET (external or inter- 
nal), the first control code output is interpreted as a mode 
control. Ifthe mode control specifies synchronous opera- 
tion, then the next one or two bytes (as determined by the 
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MODE CONTROL 


SYNC #1 
INITIALING 


Cre SEQUENCE 


SYN 
(OPTIONAL) 


COMMAND 


DATA 


COMMAND 


DATA 


SYNCHRONOUS OPERATION 


mode byte) output as control codes will be interpreted as 
SYNC characters. For either asynchronous or synchro- 
nous operation, the next byte output as a control code is 
interpreted as a command. All subsequent bytes output 
as control codes are interpreted as commands. There are 
two ways in which control logic may return to anticipating 
a mode control input; following aRESET input or following 
an internal reset command. A reset operation (internal via 
IR or external via RESET) will cause the USART to inter- 
pret the next “control write”, which should immediately 
follow the reset, as a Mode Instruction. 


After receiving the control words the USART is ready to 
communicate. TxRDY is raised to signal the processor 
that the USART is ready to receive a character for trans- 
mission. Concurrently, the USART is ready to receive 
serial data. 


C/D RD WR _CS 

USART — Data Bus 
Data Bus — USART 
Status — Data Bus 
Data Bus — Control 


Data Bus — 3-State 








<|<}4|/-lolo 
=|>x/4lo]alo 
=|></o|a/oj— 
OO} |O /O/O1O 





MODE CONTROL CODES 


The COM 8251A interprets mode control codes as illus- 
trated in Figures 2 and 3. 


Control code bits Oand 1 determine whethersynchronous 
or asynchronous operation is specified. A non-zero value 
in bits O and 1 specifies asynchronous operation and de- 
fines the relationship between data transfer baud rate and 
receiver or transmitter. clock rate. Asynchronous serial 
data may be received or transmitted on every clock pulse, 
on every 16th clock pulse, or on every 64th clock pulse, 
as programmed. A zero in both bits 0 and 1 defines the 
mode of operation as synchronous. 


For synchronous and asynchronous modes, control bits 
2 and 3 determine the number of data bits which will be 
present in each data character. In thecaseofaprogrammed 
character length of less than 8 bits, the least significant 
DATA BUS unused bits are “don’t care” when writing data 
to the USART and will be “zeros” when reading data. Rx 
data will be right justified onto DO and the LSB for Tx data 
is DO. 


For synchronous and asynchronous modes, bits 4 and 5 


determine whether there will be a parity bit in each char- 
acter, and if so, whether odd oreven parity will beadopted. 
Thus in synchronous modea character will consist offive, 
six, seven or eight data bits, plus an optional parity bit. In 
asynchronous mode, the data unit will consist of five, six, 
seven or eight data bits, an optional parity bit, apreceeding 
start bit, plus 1, 112 or 2 trailing stop bits. Interpretation of 
subsequent bits differs for synchronous or asynchronous 
modes. 


Control code bits 6 and 7 in asynchronous mode determine 
how many stop bits will trail each data unit. 1% stop bits 
can only be specified with a 16X or 64X baud rate factor. 
In these two cases, the half stop bit will be equivanlent to 
8 or 32 clock pulses, respectively. 


In synchronous mode, control bits 6 and 7 determine 
how character synchronization will be achieved. When 
SYNDET is an output, internal synchronizationis specified; 
one or two SYNC characters, as specified by control bit 7, 
must be detected at the head of a data stream in order to 
establish synchronization. 





COMMAND WORDS 


Command words are used to initiate specific functions 
within the COM 8251A such as, “reset all error flags” or 
“start searching for sync”. Consequently, Command 
Words may be issued by the processor to the COM 8251A 
at any time during the execution of a program in which 


specific functions are to be initialized within the com- 
munication circuit. 


Figure 4 shows the format for the Command Word. 


Figure 4. COM 8251A Control Command 


1 0~—— Bit No. 
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TxEN 

1 = Enable transmission 
0 = Disable transmission 
DTR 
1= 


TR output is forced to 0 


xE 
1 = Enable RxRDY 
0 = Disable RxRDY 


SBRK 
1 = TxD is forced low 
0 = Normal operation 


ER ; 
1 = Resets all error flags in 
_ Status register (PE, OE, FE) 


TS output is forced to 0 


1 = Reset format 


EH 
1 = Enter HUNT mode 


Figure 2. Synchronous Mode Control Code. 


0 ~<— Bit No. 


— Sync mode 


00 5bits per character 
01 6 bits per character 
10 7 bits per character 
11 8 bits per character 


4 
= 
— 
[=] 
tw 
“” 





0=Parity disable, 1 = Parity enable 
0=Odd parity, 1 = Even parity 


O=SYNDET output 
1=SYNDET input 


0=2SYNC characters 
1=1SYNC character 


Figure 3. Asynchronous Mode Control Code. 


Invalid (SYNC mode) 

Async mode, 1X Baud rate factor 
Async mode, 16X Baud rate factor 
Async mode, 64X Baud rate factor 


5 bits per character 
6 bits per character 
7 bits per character 
8 bits per character 


0= Parity disable, 1 = Parity enable 
0=Odd parity, 1 = Even parity 

00 Invalid 

01 1stop bit 


10 1%stop bits 
11. 2stop bits 
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Bit 0 of the Command Word is the Transmit Enable bit 
(TxEN). Data transmission for the COM _8251A cannot 
take place unless TxEN is set (assuming CTS = 0) in the 
command register. The TX Disable command is prevented 
from halting transmission by the Tx Enable logic until all 
data previously written has been transmitted. Figure 5 
defines the way in which TxEN, TxE and TxRDY combines 
to control transmitter operations. 


Bit 1 is the Data Terminal Ready (DTR) bit. When the DTR 
command bit is set, the DTR output connection is active 
(low). DTR is used to advise a modem thatthedataterminal 
is prepared to accept or transmit data. 


Bit 2 is the Receiver Enable Command bit (RxE). RxE is 
used to enable the RxRDY output signal. RxE, when zero, 
prevents the RxRDY signal from being generated to notify 
the processor that a complete character is framed in the 
Receive Character Buffer. It does not inhibit the assembly 
of data characters at the input, however. Consequently, 
if communication circuits are active, characters will be 
assembled by the receiver and transferred to the Receiver 
Buffer. If RxE is disabled, the overrun error (OE) will prob- 
ably be set; to insure proper operation, the overrun error 
is usually reset with the same command that enables RxE. 


Figure 5. 
Operation of the Transmitter Section as a Function of TxE, TxRDY and TxEN 


TxEN TxE TxRDY 
1 1 1 


Transmit Output Register and Transmit Character Buffer empty. 


TxD continues to mark if COM 8251A is in the asynchronous mode. 
TxD will send SYNC pattern if COM 8251A is in the Synchronous 
Mode. Data can be entered into Buffer. 


Transmit Output Register is shifting a character. Transmit Character 
Buffer is available to receive a new byte from the processor. 


Transmit Register has finished sending. A new character is waiting 
for transmission. This is a transient condition. 


Transmit Register is currently sending and an additional character 
is stored in the Transmit Character Buffer for transmission. 


Transmitter is disabled. 


: Bit 3is the Send Break Command bit (SBRK).WhenSBRK 
is set, the transmitter output (TxD) is interrupted and a 
continuous binary “O” level, (spacing) isappliedtothe TxD 
output signal. The break will continue until a subsequent 
Command Word is sent tothe COM 8251A to removeSBRK. 


Bit 4 is the Error Reset bit (ER). When a Command Word 
is transferred with the ER bit set, all three error flags (PE, 
OE, FE) in the Status Register are reset. Error Reset occurs 
when the Command Word is loaded into the COM 8251A. 
No latch is provided in the Command Register to save the 
ER command bit. 


Bit 5, the Request To Send Command bit (RTS), sets a 
latch to reflect the RTS signal level. The output of this 
latch is created independently of other signals in the 
COM 8251A. As a result, data transfers may be made by 
the processor to the Transmit Register, and data may be 
actively transmitted to the communication line through 
TxD regardless of the status of RTS. 


Bit 6, the Internal Reset (IR), causes the COM 8251A to 





return to the Idle mode. All functions within the COM 
8251A cease and no new operation can be resumed until 
the circuit is reinitialized. If the operating mode is to be 
altered during the execution of a processor program, the 
COM 8251A must first be reset. Either the RESET input 
can be activated, or the Internal Reset Command can be 
sent to the COM 8251A. Internal Reset is a momentary 
function performed only when the command is issued. 


Bit 7 is the Enter Hunt command bit (EH). The Enter Hunt 
mode commandis only effective for the COM8251A when 
it is operating in the Synchronous mode. EH causes the 
receiver to stop assembling characters at the RxD input, 
clear the Rx register to all “ones”, and start searching for 
the prescribed sync pattern. Once the “Enter Hunt” mode 
has been initiated, the search for the sync pattern will 
continue indefinitely until EH is reset when asubsequent 
Command Word is sent, when the IR command is sent to 
the COM 8251A, or whenSYNC characters are recognized. 
Parity is not checked in the EH mode. 


STATUS REGISTER 


The Status Register maintains information about the 
current operational status of the COM 8251A. Status can 
be read at any time, however, the status update will be 
inhibited during status read. Figure 6 shows the format of 
the Status Register. 


TxRDY signals the processor that the Transmit Character 
Buffer is empty and that the COM 8251A can accept anew 
character for transmission. The TxRDY status bit is not 
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totally equivalent to the TxRDY output pin, the relationship 
is as follows: 


TxRDY (status bit) = Tx Character Buffer Empty 


TxRDY (pin 15) = Tx Character Buffer Empty e CTS ¢ TxEN 


RxRDY signals the processor that a completed character 
is holding in the Receive Character Buffer Register for 
transfer to the processor. 


Figure 6. The COM 8251A Status Register 


7 6 5 4 3 2 


TxE signals the processor that the Transmit Register 
is empty. 

PE is the Parity Error signal indicating to the CPU that the 
character stored in the Receive Character Buffer was 
received with an incorrect number of binary “1” bits. PE 
does notinhibit USART operation. PE is reset by the ER bit. 


OE is the receiver Overrun Error. OE is set wheneverabyte 
stored in the Receiver Character Register is overwritten 
with a new byte before being transferred to the processor. 
OE does not inhibit USART operation. OE is reset by the 
ER bit. , 


FE (Async only) is the character framing error which in- 
dicates that the asynchronous mode byte stored in the 
Receiver Character Buffer was received with incorrect bit 
format (“O” stop bit), as specified by the current mode. FE 
does not inhibit USART operaton. FE is reset by the ER bit. 


Note: 

1.While operating the receiver it is important to realize 
that the RxE bit of the Command Instruction only in- 
hibits the assertion of RxRDY; it does not inhibit the 
actual reception of characters. As the receiver is con- 
stantly running, it is possible for it to contain extraneous 
data when it is enabled. To avoid problems this data 
should be read from the USART and discarded. This 
read should be done immediately following the setting 
of the RxE bit in the asynchronous mode, and following 
the setting of EH in the synchronous mode. It is not 
necessary to wait for RxRDY before executing the 
dummy read. 


2. ER should be performed whenever RxE of EH are pro- 
grammed. ER resets all error flags, even if RxE =0. 


0 << Bit No. 


TxRDY 


RxRDY 


TxE 


PE 
Parity error 


OE 
Overrun error 


FE 
Framing error 


SYNDET/BRKDET 


DSR 





SYNDET is the synchronous mode status bit associated 
with internal or external sync detection. 


DSR is the status bit set by the external Data Set Ready 
signal to indicate that the communication Data Set is 
operational. 


All status bits are set by the functions described for 
them. SYNDET is reset whenever the processor reads the 
Status Register. OE, FE, PE are reset by the error reset 
command or the internal reset command or the RESET 
input. OE, FE, or PE being set does not inhibit USART 
operation. 


Many of the bits in the status register are copies of external 
pins. This dual status arrangement allows the USART to 
be used in both Polled and Interrupt driven environments. 
Status update can have a maximum delay of 16 tcy periods. 


3. The USART may provide faulty RxRDY for the first read 
after power-on or for the first read after the receiver is 
re-enabled by a command instruction (RxE). Adummy 
read is recommended to clear faulty RXxRDY. This is not 
the case for the first read after hardware or software 
reset after the device opration has been established. 


4. Internal Sync Detect is disabled when External Sync 
Detect is programmed. An External Sync Detect Status 
is provided through an internal flip-flop which clears 
itself, assuming the External Sync Detect assertion has 
removed, upon a status read. As long as External Sync 
Detect is asserted, External Sync Detect Status will 
remain high. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ....... cc ccc cc ccc cece eee eee eee teen ete e nee eee eee 0°C to +70°C 
Storage Temperature Range ........ cece ccc cee eee eee erent reat eee rete tere teeeees —55°C to +150°C 
Lead Temperature (soldering, 10SEC) 1... .. cece eee cee eee eee ence neces ee ee eee ee +325°C 
Positive Voltage on any Pin, with respect to ground ..............- cece wees ee Cr ea +8.0V 
Negative Voltage on any Pin, with respect to Qround ........ cece cece ccc ee eter e eee rece eee eeeeenes —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit 

voltage spikes or “glitches” on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. If this 

possibility exists it is suggested that as clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ts =0°C to 70°C, Vcc = +5V +5%, unless otherwise noted) 


SYMBOL PARAMETER |MIN.| MAX. | UNIT| TEST CONDITIONS 


D.C. Characteristics 





Vir Input Low Voltage 0.3! 08 V 

Vin Input High Voltage 2.0 Vec V 

Vor Output Low Voltage 0.45 Vo |lo.=2.2mA 

Von Output High Voltage 2.4 V lon = —400 vA 

lore Output Float Leakage +10 HA | Vout = Vec TO 0.45V 

Ie Input Leakage +10 HA | Vin=Vcc TO 0.45V 

lec Power Supply Current 100 mA | All Outputs = High 
Capacitance Ta = 25°C, Vec = GND 

Cin Input Capacitance 10 pF | fe =1MHz 

Cro 1/O Capacitance | | 20 | pF | Unmeasured pins returned to GND 
A.C. Characteristics 

Bus Parameters (Note 1) 

Read Cycle: 

tar Address Stable Before READ (CS, C/D) 0 ns {Note2 

tra Address Hold Time for READ (CS, C/B) 0 ns |Note2’ 

trr READ Pulse Width 250 ns . . . 

tro Data Delay from READ . 200 ns_ | Note 3, C.= 150 pF 

tor READ to Data Floating 10 100 ns - 

Write Cycle: 

taw Address Stable Before WRITE 0 ns 

twa Address Hold Time for WRITE 0 ns 

tww WRITE Pulse Width 250 | ons 

tow Data Set Up Time for WRITE 150 ns 

two Data Hold Time for WRITE 0 ns 


tav . |Recovery Time Between WRITES 6 tcy. | Note4 


Other Timings: 

Clock Period - - 
Clock High Pulse Width 
Clock Low Pulse Width 


tcy 






Notes 5,6 
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TEST CONDITIONS 





tr, tr Clock Rise and Fall Time 
torx TxD Delay from Falling Edge of TxC 
tsrx Rx Data Set-Up Time to Sampling Pulse 
turx Rx Data Hold Time to Sampling Pulse 
frx Transmitter Input Clock Frequency 
1X Baud Rate 
16X Baud Rate 
64X Baud Rate 
trew Transmitter Input Clock Width 
1X Baud Rate 
16X and 64X Baud Rate 
trep Transmitter Input Clock Pulse Delay 
1X Baud Rate 
16X and 64X Baud Rate 
frx Receiver Input Clock Frequency 
1X Baud Rate 
16X Baud Rate 
64X Baud Rate 
trew Receiver Input Clock Pulse Width 
1X Baud Rate 
16X and 64X Baud Rate 
trep Receiver Input Clock Pulse Delay 
1X Baud Rate 
16X and 64X Baud Rate 
trxapy TxRDY Pin Delay from Center of last Bit Note 7 
treapy cLear | TXRDY | from Leading Edge of WR Note 7 
trxroy RxRDY Pin Delay from Center of last Bit Note 7 
trxrvy cLear |RXRDY | from Leading Edge of RD Note 7 
tis Internal SYNDET Delay from Rising 
Edge of RxG Note 7 
tes External SYNDET Set-Up Time Before Note 7 
Falling Edge of RxC 
trxempty TxEMPTY Delay from Center of Data Bit Note 7 
twe Control Delay from Rising Edge of Note 7 
WRITE (TxEn, DTR, RTS) 
tcr Control to READ Set-Up Time(DSR, CTS) Note 7 
NOTES: 1. AC timings measured Vou = 2.0, Vot= 0.8, and with load circuit of Figure 1. 


a pO 


NO 





. Chip Select (CS) and Command/Data (C/D) are considered as Addresses. 


Assumes that Address is valid before Rol. 
This recovery time is for RESET and Mode Initialization. Write Data is allowed only when TxRDY = 1. Recovery Time between 
Writes for Asynchronous Mode is 8 tcy and for Synchronous Mode is 16 tcy. 
The TxC and RxC frequencies have the following limitations with respect to CLK. 
For 1X Baud Rate, frx or fax = 1/(30 tcy) 
For 16X and 64X Baud Rate, frx or frx < 1/(4.5 tcy) 
Reset Pulse Width = 6 tcy minimum; System Clock must be running during RESET. 
Status update can have a maximum delay of 28 clock periods from the event affecting the status. 





ov +20 
Typical A Output 

oe Delay Versus +? 
SZ 1NQ914 A Capacitance (pF) 

ie} 

ie 6kQ -10 

Figure 1. Ber -—50 0 +50 +100 
TEST LOAD CIRCUIT ‘\ CAPACITANCE (pF) 
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WAVEFORMS 


System Clock Input 


ac as : 


Transmitter Clock & Data 


tTPD =] 


Txt (1x MODE} 


—| -torx torx—> -— 


Txt (16xMODE) 


Receiver Clock & Data 


{Rx BAUD COUNTER STARTS HERE) 


Rx DATA START BIT DATA BIT OATA BIT 


+ trpd 


nae trew 
RxC (1x MODE) 


8 RxC PERIODS 


——|<———— 16 RxC PER! MODE 
(16x MODE) 6 RxC PERIODS (16x ) 


RxC (16x MODE) 


INT SAMPLING 


PULSE 
*s 
tSRX j~——— tHRX ———>} 
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Write Data Cycle (CPU — USART) 


ef Ne ee ee 
[eli CLEAR 
— tww 
Wa \ Vy 


ry. tow —+| 


DON’T CARE DON’T CARE 


DATA IN {D.B.) DATA STABL 





Read Data Cycle (CPU < USART) 


RxRDY / \ 
| tRxRDY CLEAR 
= ‘RR——=| 
RD } fv 


= |+—tRD — |--t0F 


DATA OUT (0.8.) cee ros £ OATA OUT ACTIVE’ }—CATA FLOAT 





Write Control or Output Port Cycle (CPU — USART) 
OTA, ATS 


(NOTE =1) 


DATA IN (D.B.) 


NOTE #1: Tyo INCLUDES THE RESPONSE TIMING OF ACONTROL BYTE. 
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Read Control or Input Port (CPU « USART) 


i aR SS a NCE 
(NOTE =1} 


¢—— 
al |= tro 


DATA OUT 
(0.8.) 


NOTE =1: Tog INCLUDES THE EFFECT OF CTS ON THE TxENBL CIRCUITRY. 


Transmitter Control & Flag Timing (ASYNC Mode) 


Tx EMPTY 


Tx READY 
(STATUS BIT) 


Tx READY 
(PIN) 


c/0 
WR 


Tx DATA 


DATA CHAR 1 DATA CHAR 2 DATA CHAR 3 DATA CHAR 4 


START BIT 
DATA BIT. 
STOP BIT 


EXAMPLE FORMAT *7 BIT CHARACTER WITH PARITY & 2 STOP BITS. 


‘Receiver Control & Flag Timing (ASYNC Mode) 


BREAK DETECT 


OVERRUN ERROR 
(STATUS BIT) e— tRxRDY 


Rx RDY 


4 


Rd DATA 


cB eer Se I 


‘peas 


Wr RxEn 


J 
kg 
Rx DATA Pooo000? am wie ° 


DATACHAR 1 DATA CHAR 2 DATACHAR 3 


a 
1 
2 
3 
4 
5 
6 


DATA BIT 
PARITY BIT 


START BIT 
STOP BIT 


EXAMPLE FORMAT = 7 BIT CHARACTER WITH PARITY & 2 STOP BITS. 
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Transmitter Control & Flag Timing (SYNC Mode) 


Tx EMPTY 


Tx READY r ° 
{STATUS BIT) d coal 
! ae =—_a 
7a 
eh ani eS 


wWeDATA Wr DATA We DATA We Ae, 
CHARt CHAR2 CHAR 3 CHAR 4 SBRK ‘ 
MARKING STATE tak 1 =a 2 CHARI wer CHAR 2 oe 3 —. 4 STATE CHAR 5 CHAR tTc 
>———4 
Tabara WORROTRORELIOOCORAMACCTOOAAATIOT cam “WOREIEORAOIN 


EXAMPLE FORMAT « 5 BIT CHARACTER WITH PARITY, 2 SYNC CHARACTERS. 





Receiver Control & Flag Timing (SYNC Mode) 


SYNOET 
(PIN) NOTE «1 NOTE *2 


tES —> 


SYNDET (S,B) 


OVERRUN 
ERROR (S.8} 


Rx ROY (PIN) 














__ DATA fear SYNC 
CHAR 3 le: 1 








DON'T SYNC SYNC | ona | DATA Pca | YNC 
CARE CHAR 3 CHAR 2 ay: 1 ay: ey 2 CHAR 3 [cua | 1 


CRREOEROROREROAOHRO ORR OOI ORO OORE cotboanataqanatbacaacaseoasatantatbocco 
7 CHAR ASSY BEGINS p y cane. [ 


DATA DATA 
SSE i, ay 1 by 2 €T 





f 


4 EXIT HUNT MODE 
EXIT HUNT MODE a SET SYNDET (STATUS BIT)- 


SET SYNC DET SET SYN DET (STATUS BIT) 


NOTE <1. INTERNAL SYNC, 2 SYNC CHARACTERS, 5S BITS, WITH PARITY 
NOTE =2: EXTERNAL SYNC, 5 BITS, WITH PARITY 
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APPLICATION OF THE COM8251A 


maynenronous pe era Ae a ViT Terminal; Synchronous Interface to Terminal or Peripheral Device 


SYNCHRONOUS 


t TERMINAL 
COMB251A L J ° OR PERIPHERAL 


OEVICE 
BAUD RATE CAT 
GENERATOR TERMINAL 


COM8251A 


RATE 
GENERATOR TELEPHONE TELEPHONE 
7 LINE LINE 


COM8251A Interface to uP Standard System Bus 


ADORESS BUS . 


CONTROL BUS 


(i aR las fe 


DATA BUS 
o wa 


fe 
0,-0, FO WR RESET CLK 


COMS82S1A 





STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 


tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
PORATIO information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 


oe Macis bt NY Ava assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
(516) 273-3100 TWX-510-227-6898 devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
———_ 


COM 9004 


IBM 3274/3276 
Compatible COAX Receiver/Transmitter 


FEATURES 


(] Conforms to the IBM 3270 Interface Display 
System Standard 


C] Transmits and Receives Manchester I! Code 


(] Detects and Generates Line Quiesce, Code 
Violation, Sync, Parity, and Ending Sequence 
(Mini Code Violation) 


(J Multi Byte or Single Byte Transfers 

L] Double Buffer Receiver and Transmitter 
L) Separate Data and Status Select 

LC Operates at 2.3587 MHz 

CL] TTL Compatible Inputs and Outputs 


CL] COPLAMOS® n-Channel Silicon Gate 
Technology 


PIN CONFIGURATION 


1 
2 
3 
4 
5 
6 
7 
8 
9 


y= oO 


*Internally connected. Not for external use. 


GENERAL DESCRIPTION 


The COM 9004 is an MOS/LSI circuit which may be used 
to facilitate high speed data transmission. The COM 9004 
is fabricated using SMC’s patented COPLAMOS® tech- 
nology and may be used to implement an interface between 
IBM 3274/3276 compatible control units and 3278/3287/ 
3289 compatible terminal units. The receiver and transmit- 
ter sections of the COM 9004 are separate and may be used 
independently of each other. 


TRANSMIT 


BUS 
TRANS- 
CEIVER 





RECEIVE 
HOLDING 
REGISTER 


The COM 9004 generates and detects the line quiesce, code 
violation, parity, and mini code violation bit patterns. 


The on-chip parity logic is capable of generating and 
checking either even or odd parity for the entire 10 bit data 
word. In addition, parity may be generated for the least sig- 
nificant 8 bits of the data word (this parity bit would replace 
the ninth data bit). 


PARITY 
GEN. 


SHIFT 
= ae 
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TRANSMIT fe ul 
TRANSMIT 


RECEIVE 
CONTROL 


SHIFT & 


RECEIVE 


PARITY 
CHECK 


REGISTER 
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SECTION tI 





ORGANIZATION 


The COM 9004 is organized into 9 major sections. Com- 
munication between each section is achieved via internal 
data and control busses. 

Transmitter Holding Register 

The transmit holding register is a 12 bit latch. This latch is 
loaded with the transmit data and parity generation infor- 
mation from the system bus. 

Tri-State Buffers 

These buffers allow gating of the COM 9004’s status word 
onto the system data bus. 

Bus Transceiver 

The bus transceiver allows bi-directional data transfer 
between the system data bus and the transmit and receive 
holding registers. 

Parity Generator 

This logic determines and generates the correct parity fo 
the data in the transmitter holding register. 
Transmitter Control 

This logic generates signals required to enable external 


transmit circuitry. It also generates the Line Quiesce, Code 
Violation, sync bits and Mini Code Violation patterns. 


Transmitter Shift Register . 

The transmitter shift register is an 11 bit parallel to serial 
shift register. It accepts data from the transmitter holding 
register and the parity generation logic and converts it into 
serial form for transmission. 

Receive Control/Parity Check 

This logic checks the received character for the specified 
parity and ensures that no Transmit Check conditions 
occurred. It also handles the self test mode and generates 
a strobe when the complete data word is received. 
Receiver Shift Register 

This logic is a serial to parallel shift register that converts 
the received information into a 10 bit data word and RTA 
Status bit. 

Receiver Holding Register 


This register holds the assembled data word until it is read 
by the processor. 





DESCRIPTION OF PIN FUNCTIONS 
Processor Related Signals 


| PINNO. [NAME SYMBOL | FUNCTION 
6-13 Transmit/ DO-D7 Bidirectional: 8 bit, three state data port used to transfer data between the COM 
Receive Data 9004 and the processor. 
Bits DO is the first bit transmitted. 
Transmit Bit 9 T9S Input: A low level on this pin enables T9 to be transmitted as bit 9. A high level on 
Select this pin causes T9 to determine the type of parity bit generated for bits DO-D7. 
38 Transmit Bit 9 T9 Input: If T9S is low, this supplies transmit bit 9. If T9S is high, then T9 low forces 


odd parity and T9 high forces even parity to be generated for DO-D7. In this case 
the parity bit generated is transmit bit 9. 


is pin supplies transmit bit 10. 
Input: This input controls the parity bit for transmit bits 1-10. A low level on this pin 
causes odd parity and a high level on this pin causes even parity to be generated 
for bits 1-10. The parity bit generated is transmit bit 11. 


Input: This signal is used to synchronize the COM 9004. The transmitter is loaded 
and started on the low to high transition of SCLK if TDS is low. DA is reset on the 
low to high transition of SCLK if RDA is low. 





Transmit Bit 10 


System Clock SCLK 
Transmitter TDS Input: This input and SCLK are used to load the transmitter holding register and 
Data Strobe start the transmit sequence. Code Violation Detect (CVD) is reset at this time. 


Reset Data RDA Input: This input and SCLK are used to reset DA. ~ 
Available 





























Status Word SWE Input: A low level at this pin enables the status word buffer outputs (DA, CVD, 
Enable TBMT, RQ, R10, and RTA). A high level on SWE places the status word buffer 
outputs in a high impedance state. 
23 Receive Data DA This three-state output signal is at a high level when an entire word has been 
Available received and transferred into the receiver buffer register. It is only set if a Transmit 
Check Condition did not occur. 
25 Code Violation CVD This three-state output signal is at a high level if a valid Code Violation was 
Detected detected at the receiver since the last time the transmitter was loaded. It is reset 
when the transmitter is loaded. 
Transmit Buffer TBMT This three-state output signal is at a high level when the transmit holding register 
Empty may be loaded with new data. 
Receive Bit9 | RQ _| This three-state output signal is receiver data bit 9. 
Receive Bit10 {| R10 _| This three-state output signal is receiver data bit 10. . 
24 Receiver Turn- RTA This three-state output signal is set to a high level when a valid Mini Code 
around Violation is detected. It is only set if a Transmit Check did not occur. It is reset 
when the transmitteris loaded. —. 
Receive Data ns Input: A low level enables the outputs of the receive data register DO-D7. 
nable 
17 Receiver Input: This input determines whether the entire received word will be checked for 
Parity even or odd parity. A low at this pin will cause a check for odd parity and a high at 
this pin will cause a check for even parity. This input has an internal pull-up 
resistor. 
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DESCRIPTION OF PIN FUNCTIONS (cont.) 
| PINNO. [NAME || SYMBOL [FUNCTION Cid 


ALOOP Input: A low level on this pin disables the receiver except when the transmitter 
is active. A high level on this pin and DLOOP will cause the receiver to be 
disabled while the transmitter is active. 


ALOOP is used to allow loop-back through the line drivers and receivers. This 
input has an internal pull-up resistor. 


Input: A low level on this pin disables the receiver except when the transmitter 
is active. TG is forced to a high level to disable the external coax driver. Data 
input to the receiver is internally wrapped from the transmitter data output. 
This input has an internal pull-up resistor. 


Input: This input should be pulsed low after power-on. This signal resets DA to 
a low level and sets TG and TBMT to a high level. This input has an internal 





























34 Digital 
Loopback 
pull-up. 
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Device Related Signals 





27 Baud Rate 
Clock 


BCLK 
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Receive Input: A hi 
Single Shot limits a hi 
Enable 








| PINNO. |NAME SYMBOL | FUNCTION 


This input is a clock whose frequency is 8 times the desired transmitter and 
receiver baud rate (typically 18.8696 MHz for 3274/3276 operation). This input 
is not TTL compatible. 


Output: Serial data from the transmitter. This signal is a biphase Manchester Il 
encoded bit stream. This output is high when no data is being transmitted. 


The Transmit Clock output is “2 the frequency of BCLK. It is synchronized with 
TD and used to provide external pre-distortion timing. 


| 30 |ReceiveData | RD | Input: Accepts the serial biphase Manchester II encoded bit stream. 


Output: This signal is low during the time that the transmit data is valid. TG is 
used to turn on the external transmit circuitry. 


Ki level on this pin enables an internal digital single shot on RD. This 
level on RD to 3 clock times. Also when high it will cause the 

receiver He to es a valid Code Violation. A low level disables the single shot 
no reshaping 


















of the RD input signal. 





COM 9004 OPERATION 


The COM 9004 consists of a receiver section that converts 
Manchester II phase encoded serial data to parallel data 
and a transmitter section that converts parallel data to 
Manchester II phase encoded serial data. 


Receiver 


Message transfers must conform to the IBM 3270 protocol 
in order for the COM 9004 to acknowledge them. 


The received message is checked for the Code Violation 
sequence (start sequence) bit pattern, preceding the first 
data word, and Mini Code Violation (end sequence) following 
the last data word. 


The data word consists of 10 data bits, a sync bit and a parity 
bit. 

The data word along with the first bit of the next word or 
ending zero (bit 13) is shifted into a shift register. Once it is 
assembled it is transferred and held in the holding register 
until another data word is assembled. The 13th bit is inverted 
and presented to the bus or RTA (receiver turn-around). 
Therefore RTA is set high on the last word of a message 
and is reset when the transmitter is loaded with the response 
or on the rising edge of SCLK if RDA is held low. 


Once the data word is in the holding register and parity is 
correct the data available (DA) status signal is set high. 


The Code Violation Detect signal (CVD) goes active high 
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after a line Quiesce, Code Violation and sync bit have been 
detected by the receiver. It is reset when the transmitter of 
the COM 9004 is asserted. By examining this signal, the 
processor can determine whether atimeout or Transmit Check 
condition caused a receiver error. 


The receive input is sampled at 8 times the data rate. The 
receiver logic is brought into bit synchronization during the 
Line Quiesce pattern. Once the Code Violation following 
the Line Quiesce is detected, the receiver is broughtinto bit 
and word synchronization. The internal receiver clock is 
adjusted after each transition to compensate for jitter and 
distortion in the received data signal. 


Transmitter 


The transmitter section basically consists of a 12-bit holding 
register, parallel to serial shift register and a parity generator. 
The firmware initiates a transmit sequence by strobing TDS 
low. The data is loaded into the holding register on the rising 
edge of SCLK while TDS is low. Nine bits of data (DO-D7 
and T10) are transferred without change to the transmit shift 
register. The logic level of T9S determines whether T9 will be 
transmitted as parity on the preceding eight bits, or as data. 


After the processor loads the transmit holding register with 
data, status signal TBMT is driven inactive low until the COM 
9004 transfers the data from the transmit holding register 
to the transmit shift register. After the transfer, TBMT is driven 


=z 
So 
LE 
(=) 
uu 
wn: 





high. The processor should not try to load data into the COM 
9004 while TBMT is low. When initiating a data transmission, 
the COM 9004 automatically transmits a Line Quiesce 
pattern and a Code Violation. The data is then shifted out 
of the shift register with a sync bit (1) inserted before the 
data word, and a parity bit appended after the data word. 


If anew word is loaded into the COM 9004 before the parity 
bit of the previous word has been transmitted, a sync bit (1) 
followed by the new data bits is transmitted. If not, after the 
COM 9004 transmits the last data word (no more transmit 
sequences are started), a sync bit (0) and a Mini Code 
Violation is appended to the end of the message. 


Output TG goes active low one-half bit cell time before the 
first Line Quiesce character is output. It is made inactive 
(high) during the transmission of the Mini Code Violation. 


Diagnostic Modes 








NORMAL OPERATION (ALOOP AND DLOOP HIGH) 


Internal read data signal follows the RD input as long as the 
COM 9004’s transmitter is off. The receiver will be disabled 
while the transmitter is active. 

ANALOG LOOPBACK (ALOOP LOW AND DLOOP HIGH) 
The internal read data signal follows the RD input as long 
as the COM 9004's transmitter is active. 

DIGITAL LOOPBACK ALOOP HIGH AND DLOOP LOW) 
The internal read data signal follows an internally generated 
and latched valid transmit signal (only when the transmitter 
is active.) The output TG is disabled in digital loopback mode. 

DISABLE RECEIVER (ALOOP AND DLOOPLOW) ___ 

The internal read data signal is held low and output TG 

is disabled. 























MESSAGE FORMATS 


Single Byte Transmission 


COAX LINE CODE SYNC DATA PARITY ENDING COAX 
IDLE QUIESCE VIOLATION BIT (10 BITS) BIT SEQUENCE IDLE 


Multiple Byte Transmission 


COAX LINE CODE SYNC DATA 1 PARITY SYNC DATA 2 
IDLE QUIESCE VIOLATION BIT (10 BITS) BIT BIT (10 BITS) 
PARITY SYNC DATA N PARITY ENDING COAX 

BIT BIT (10 BITS) BIT SEQUENCE __. IDLE 


Bits on the coax appear as positive and negative going 
pulses. A positive pulse to negative pulse transition in the 
middle of the bit cell is interpreted as a logical ‘0’. Anegative 
pulse to positive pulse transition in the middle of a bit cell is 


Line Quiesce Pattern 


The Line Quiesce pattern consists of five contiguous logical 
ones. It establishes an equilibrium condition on the coax 
following line turnaround. 
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interpreted as a logical ‘1’. A predistortion pulse is generated 
for every pulse transition from an up to down level or a down 
to up level. 





Code Violation Pattern 


| 
| 
| 
| 


| | 
| | 
last “1” code violation 
of line- 
quiesce 


The Code Violation pattern is a bit sequence containing 
no mid-bit time level transition in two of its three bit 
cells. It is a unique pattern that violates the encoding 
rules and indicates the start of valid data. 


Mini Code Violation Pattern 


bit times: 


last data Ending Sequence 
byte 


The Mini Code Violation (MCV) pattern is a bit 
sequence containing no mid-bit time level transition 
in either of its bit cells. It is a unique code that violates 
the encoding rules and indicates the end of valid 
transmit data. 


Transmit Check 
A Transmit Check is defined as follows: 


1) A logical zero sync bit in the ending sequence not 
followed by a Mini Code Violation. 

2) Loss of a level transition at the mid-bit time during 
other than anormal ending sequence. 

3) A transmission parity error. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range 0°C to + 70°C 
Storage Temperature Range — 55° to + 150°C 
Lead Temperature (Soldering, 10SEC.) . 06... cece cece eee n nee cence eens eee ee ee nate eneeteeteenenea +300°C 


ry 


i 2 


Positive Voltage on any I/O Pin, with respect to ground ........ ccc cece cee c eee eee ee ee tent eneennenenbeees +18.0V 
Negative Voltage on any I/O Pin, with respect to ground .... 02... cece cece cece cence nee e eee e renee eeeneneenens —0.3V 
Power Dissipation: wx. oice.ctetodaw cache, 4 bacsies Sa Sa cee en laces bien maneiene 84-bd asanre dela Saleen ave a eowte ue ale ate eu bie wee a elas 0.75W 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not 
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power 
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. For example, the bench 
power supply programmed to deliver + 12 volts may have large voltage transients when the AC power is switched on and off. If this 
possibility exists it is suggested that a clamp circuit be used. 





DC ELECTRICAL CHARACTERISTICS (T, = 0°C to 70°C, Veg = +5V +5%, Vop = +12V +5%, Vag = —12V +5%) 
PARAMETER [| MIN | Typ | MAX |_ UNIT COMMENTS 
DC CHARACTERISTICS 
INPUT VOLTAGE 

V,, Low 8 V 

Vin High : Vee Vv (Except BCLK) 

Vin High . Veet .3 V (BCLK only) 
OUTPUT VOLTAGE 

Vo, Low 4 lo. = 2.0MA 

Vox High on = —.25mA 
POWER SUPPLY CURRENT 

lec 70 mA Alloutputs = Vo, 

lop 16 mA 

les 5 mA 
INPUT LEAKAGE CURRENT 

All input pins 01 mA Vin = OO Voc 
CAPACITANCE 

Cn 10 pf (Except BCLK) 

iN 35 pf (BCLK only) 


AC ELECTRICAL CHARACTERISTICS (T, = 0°C to 70°C, Veg = +5V +5%, Vop = +12V +5%, Vong = —12V +5%) 


PARAMETER | MIN | TYP | MAX | UNIT CONDITIONS 
Clock Frequency 
CLK 7 18.8696 18.9 MHz 
CLK DC 4.7474 5 MHz 
Clock Width 
tsxu SCLK High 80 
tsx. SCLK Low 80 
tex BCLK High 20 
tax, BCLK Low 20 
t- BCLKrise time 
t- BCLK fall time 


taoo RODE to Data Valid Delay 50 
soo SWE to Data Valid Delay 50 
tp- Data Read to Bus Float 50 


tos Data Setup Time i 
tp, Data Hold Time 
toy DA to receive data a TT 
tre TC clock period 
trun TC to TG low delay —53 
wap 1C to TG high dela 30 
‘ps Transmit data to T 10 
setup time 
tron Transmit data to TC 20 
hold time 
tp | TBMT active to de-active 200 
tooc TBMT cycle 3.2 LS 
top IBMT de-activated 1 2 LS 
toss IDS set up 100 200 ns 
tosy TDS hold 0 100 ns 
tug MR pulse width 300 ns 
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TIMING DIAGRAMS 


MISC. TIMING BUS INPUT TIMING 


SECTION IN! 


TDS/RDA 


: «! 
toav | 
DO-D7, 
R9, R10 VALID DATA 


BUS OUTPUT TIMING 


“DA may occur from 100 ns before to 100 ns after data is valid. 


TRANSMITTER TIMING 


KRXXR VASO —_XXX——varopa xxx | DATA, 
STATUS 


1 BIT CELL - wel VALID 


TBMT CYCLE 
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NOTE: 1. T1-1:1:1 PULSE TRANSFORMER (TECHNITROL PART NO. 11LHA OR EQUIV) 
. 2. ALL RESISTOR IN OHMS 


TYPICAL COAX INTERFACE 





STANDARD MICROSYSTEMS _ Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 


CORPORATION tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
ee information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
errr assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
($16) 273-3100 Twx-510-227-8898 = devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 

at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
——_— 


COM 9026 


Local Area Network Controller 
LANC™ 


FEATURES 

CJ 2.5 M bit data rate 

[1 ARCNET local area network controller 
[] Modified token passing protocol 


(J Self-reconfiguring as nodes are added or 
deleted from network 


L] Handles variable length data packets 
1 16 bit CRC check and generation 


(] System efficiency increases with network 
loading 


( Standard microprocessor interface 


LJ Supports up to 255 nodes per network 
segment 


L) Ability to interrupt processor at conclusion of 
commands 


] Interfaces to an external 1K or 2K RAM buffer 


LJ Arbitrates buffer accesses between processor 
and COM 9026 


_] Replaces over 100 MSI/SSI parts 

C) Ability to transmit broadcast messages 

L] Compatible with broadband or baseband 
systems 

L] Compatible with any interconnect media 
(twisted pair, coax, etc.) 


PIN CONFIGURATION 





L] Arbitrary network configurations can be used 
(star, tree, etc.) 


(1 Single + 5 volt supply 


GENERAL DESCRIPTION 


The COM 9026 is a special purpose communications adapter 
for interconnecting processors and intelligent peripherals 
using the ARCNET local area network. The ARCNET local 
area network is a self-polling “modified token passing” net- 
work operating at a 2.5 M bit data rate. A “modified token 
passing’ scheme is one in which all token passes are 
acknowledged by the node accepting the token. The token 
passing network scheme avoids the fluctuating channel 
access times caused by data collisions in so-called CSMA/ 
CD schemes such as Ethernet. 


The COM 9026 circuit contains a microprogrammed se- 
quencer and all the logic necessary to control the token 
passing mechanism on the network and send and receive 
data packets at the appropriate time. A maximum of 255 
nodes may be connected to the network with each node 
being assigned a unique ID. 
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The COM 9026 establishes the network configuration, and 
automatically re-configures the network as new nodes are 
added or deleted from the network. The COM 9026 per- 
forms address decode, CRC checking and generation, and 
packet acknowledgement, as well as other network man- 
agement functions. The COM 9026 interfaces directly to the 
host processor through a standard multiplexed address/ 
data bus. 


An external RAM buffer of up to 2K locations is used to hold 
up to four data packets with a maximum length of 508 bytes 
per message. The RAM buffer is accessed both by the pro- 
cessor and the COM 9026. The processor can write com- 
mands to the COM 9026 and also read COM 9026 status. 
The COM 9026 will provide all signals necessary to allow 
smooth arbitration of all RAM buffer operations. 


*ARCNET is a registered trademark of the Datapoint Corporation. 
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FIGURE 2—TYPICAL COM 9026 INTERFACE 
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DESCRIPTION OF PIN FUNCTIONS (refer to figure 2) 


| PINNO. | | NAME SYMBOL FUNCTION 


31,32,35 | ADDRESS 10, | A10,A9,A8 | These three output signals are the three most significant bits of the RAM buffer 
address. These signals are in their high impedance state except during COM 
9026 access cycles to the RAM buffer. A10 and AQ will take on the value nn as 
specified in the ENABLE RECEIVE or ENABLE TRANSMIT commands to or 
from page nn and should be viewed as page select bits. For packets less than 
256 bytes a 1K buffer can be used with A8 unconnected. For packets greater 
than 256 bytes, a 2K buffer is needed with A8 connected. 


21, 22,23, | ADDRESS/ AD7-ADO These 8 bidirectional signals are the lower 8 bits of the RAM buffer address and 
24, 25,26, | DATA 7-0 the 8 bit data path in and out of the COM 9026. ADO is also used for I/O command 
27, 28 decoding of the processor control or status commands to the COM 9026. 
Po VO REQUEST IOREQ | This input signal indicates that the processor is requesting the use of the data bus 


to receive status information or to issue a command to the COM 9026. This signal 
is sampled internally on the falling edge of AS. 

MEMORY 

REQUEST 

































This input signal indicates that the processor is requesting the use of the data bus 
to transfer data to or from the RAM buffer. This signal is sampled internally on the 
falling edge of AS. 


Ahigh level on this input signal indicates that the processor's access cycle to the 
COM 9026 or the RAM buffer will be a read cycle. A low level indicates that a 

write cycle will be performed to either the RAM buffer or the COM 9026. The write 
cycle will not be completed, however, until the DWR input is asserted. This signal 
is an internal transparent latch gated with AS. 

















7 READ/WRITE R/W 































10 ADDRESS AS This input signal is used by the COM 9026 to sample the state of the IOREQ, 
STROBE MREQ and R/W inputs. The COM 9026 bus arbitration is initiated on the falling 


edge of this signal. 


11 REQUEST This output signal acknowledges the fact that the processor's I/O or memory 
cycle has been sampled. The signal is equal to MREQ or IOREQ passed through 
an internal transparent latch gated with AS. 

12 WAIT WAIT This output signal is asserted by the COM 9026 at the start of a processor access 
cycle to indicate that it is not ready to transfer data. WAIT returns to its inactive 

state when the COM 9026 is ready for the processor to complete its cycle. 
DELAYED DWR 
WRITE 
INTERRUPT INTR 
REQUEST INTR returns to its inactive state by resetting the interrupting status condition or 
the corresponding interrupt mask bit. 


This input signal informs the COM 9026 that valid data is present on the proces- 
18 INTERFACE ILE This output signal, in conjunction with ADIE, gates the processor's address/data 
LATCH bus (PAD7-PADO) onto the interface address/data bus (IAD7-IADO) during the 
ENABLE data valid portion of a Processor Write RAM or Processor Write COM 9026 
operation. 




















sor’s data bus for write cycles. The COM 9026 will remain in the WAIT state until 
this signal is asserted. DWR has no effect on read cycles. If the processor is able 
to see ad write data setup time, it is recommended that this signal be 
grounded. 


This output signal is asserted when an enabled interrupt condition has occured. 



























DIE 
13 ADDRESS AIE This output signal enables the processor's upper 3 address bits (PA10-PA8) onto 
INPUT the interface address bus (1A10-IA8). 
ENABLE 


This output signal latches the interface address/data bus (IAD7-IADO) into a latch 
which feeds the lower 8 address bits of the RAM buffer during address valid time 
of all RAM buffer access cycles. 


WRITE This output signal is used as a write pulse to the external RAM buffer. Data is ref- 
ENABLE erenced to the trailing edge of WE. 















This output signal enables the RAM buffer output data onto the interface 
address/data bus (IAD7-!ADO) during the data valid portion of all RAM buffer 
read operations. 

This output signal synchronously loads the value selected by the ID switches into 
an external shift register in preparation for shifting the ID into the COM 9026. The 
shift register is clocked with the same signal that feeds the COM 9026 on pin 19 
(CLK). The timing associated with this signal and IDDAT (pin 34) is illustrated in 
figure 19. 
This input signal is the serialized output from the external ID shift register. The ID 
is shifted in most significant bit first. A high level is defined as a logic “1”. 

The levels on these two input pins specify the timeout durations used by the COM 
9026 in its network protocol. Refer to the section entitled “Extended Timeout 
Function” for details. 


TX This output signal contains the serial transmit datatothe CABLE 
TRANSCEIVER. 

RX This input signal contains the serial receive data from the CABLE 
TRANSCEIVER. 
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FUNCTION 2, 
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14 ADDRESS/ A This output signal enables the processor's address/data bus (PAD7-PADO) cap- 
aye INPUT tured by AS or ILE onto the interface address/data bus (IAD7-IADO). 
BLE 
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DESCRIPTION OF PIN FUNCTIONS (Continued) 


a pe NAME SYMBOL 


TEST PIN 2 TEST2 
TEST PIN 1 TEST1 


DIAGNOSTIC 
BLE 
EIGER 




























DELAYED 
SYNC 


POWER ON 
RESET 


+5 VOLT Vee 
SUPPLY 


GROUND 








These input pins are grounded for normal chip operation. These pins are used in 
conjunction with ET2 and ET1 to enable various internal diagnostic functions 
when performing chip level testing. 
When this input signal is low, the COM 9026 will re-transmit all messages of 
length less than 254 bytes. This input should be tied high for normal chip opera- 
tion and is only utilized when performing chip level testing. 


Acontinuous 5 MHz clock input used for timing of the COM 9026 bus cycles, bus 
arbitration, serial ID input, and the internal timers. 


This input signal is a 5 MHz clock used to control the operation of the COM 9026 


microcoded sequencer. This input is periodically halted in the high state by the 
DSYNC output. 


This output signal is asserted by the COM 9026 to cause the external clock gen- 
erator logic to halt the CA clock. Refer to figure 9. 
This input signal clears the COM 9026 microcoded sequencer program counter 
to Zero and initializes various internal control flags and status bits. 
tus bit is also set which causes the INTR output to be asserted. Repeated asser- 
tion of this signal will degrade the performance of the network. 


Power Supply 








FUNCTION 

















he POR sta- 





PROTOCOL DESCRIPTION 


LINE PROTOCOL DESCRIPTION 


The line protocol can be described as isochronous because 
each byte is preceded by a start interval and ended witha 
stop interval. Unlike asynchronous protocols, there is a con- 
stant amount of time separating each data byte. Each byte 
will take up exactly 11 clock intervals with a single clock inter- 
val being 400 nanoseconds in duration. As a result, 1 byte is 
transmitted every 4.4 microseconds and the time to transmit 
a message can be exactly determined. The line idles in a 
spacing (logic 0) condition. A logic ‘0’ is defined as no line activity 
and a logic 1 is defined as a pulse of 200 nanoseconds dura- 
tion. A transmission starts with an ALERT BURST consisting 
of 6 unit intervals of mark (logic 1). Eight bit data characters 
are then sent with each character preceded by 2 unit intervals 


of mark and one unit interval of space. Five types of transmis- . 


sion can be sent as described below: 


Invitations To Transmit 

An ALERT BURST followed by three characters; an EOT 
(end of transmission—ASCIl code 04 HEX) and two 
(repeated) DID (Destination IDentification) characters. This 
message is used to pass the token from one node to another. 


Free Buffer Enquiries 

An ALERT BURST followed by three characters; an ENO 
(ENQuiry—ASCIl code 05 HEX) and two (repeated) DID 
(Destination IDentification) characters. This message is used 
to ask another node if it is able to accept a packet of data. 


Data Packets 


An ALERT BURST followed by the following characters: 

— anSOH (start of header-ASCIl code 01 HEX) 

—a SID (Source [Dentification) character 

—two (repeated) DID (destination IDentification) 
characters. 

—a single COUNT character which is the 2’s comple- 
ment of the number of data bytes to follow if a “short 
packet’ is being sent or 00 HEX followed by a COUNT 
character which is the 2’s complement of the number 
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of data bytes to follow if a “long packet” is being sent. 
—N data bytes where COUNT = 256-N (512-N for a “long 
packet’) 
—two CRC (Cyclic Redundancy Check) characters. The 
CRC polynomial usedis X'® + X'5 + X? + 1. 


Acknowledgements 


An ALERT BURST followed by one character; an ACK 
(ACKnowledgement—ASCIl code 06 HEX) character. This 
message is used to acknowledge reception of a packet 
or as an affirmative response to FREE BUFFER 
ENQUIRIES. 


Negative Acknowledgements 

An ALERT BURST followed by one character; a NAK (Neg- 
ative AcKnowledgement—ASCII code 15 HEX). This mes- 
sage is used as a negative response to FREE BUFFER 
ENQUIRIES. 


NETWORK PROTOCOL DESCRIPTION 


Communication on the network is based on a “modified token 
passing” protocol. A “modified token passing” scheme is 
one in which all token passes are acknowledged by the node 
receiving the token. Establishment of the network config- 
uration and management of the network protocol are han- 
dled entirely by the COM 9026’s internal microcoded 
sequencer. A processor or intelligent peripheral transmits 
data by simply loading a data packet and its destination ID 
into the RAM buffer, and issuing a command to enable the 
transmitter. When the COM 9026 next receives the token, 
it verifies that the receiving node is ready by first transmit- 
ting a FREE BUFFER ENQUIRY message. If the receiving 
node transmits an ACKnowledge message, the data packet 
is transmitted followed by a 16 bit CRC. If the receiving node 
cannot accept the packet (typically its receiver is inhibited), 
it transmits a Negative AcKnowledge message and the 
transmitter passes the token. Once it has been established 
that the receiving node can accept the packet and trans- 
mission is complete, the receiving node will verify the packet. 


If the packet is received successfully, the receiving node 
transmits an acknowledge message (or nothing if it is 
received unsuccessfully) allowing the transmitter to set the 
appropriate status bits to indicating successful or unsu- 
cessful delivery of the packet. An interrupt mask permits 
the COM 9026 to generate an interrupt to the processor when 
selected status bits become true. Figure 3 is a flow chart 
illustrating the internal operation of the COM 9026. 


NETWORK RECONFIGURATION 


A significant advantage of the COM 9026 is its ability to adapt 
to changes on the network. Whenever a new node is acti- 
vated or deactivated a NETWORK RECONFIGURATION 
is performed. When anew COM 9026 is turned on (creating 
anew active node on the network), or if the COM 9026 has 
not received an INVITATION TO TRANSMIT for 840 milli- 
seconds, it causes a NETWORK RECONFIGURATION by 
sending a RECONFIGURE BURST consisting of eight marks 
and one space repeated 765 times. The purpose of this burst 
is to terminate all activity on the network. Since this burst is 
longer than any other type of transmission, the burst will 
interfere with the next INVITATION TO TRANSMIT, destroy 
the token and keep any other node from assuming control 
of the line. It also provides line activity which allows the COM 
9026 sending the INVITATION TO TRANSMIT to release 
control of the line. 


When any COM 9026 sees an idle line for greater than 78.2 
microseconds, which will only occur when the token is lost, 
each COM 9026 starts an internal time out equal to 146 
microseconds times the quantity 255 minus its own ID. It 
also sets the internally stored NID (next ID representing the 
next possible ID node) equal to its own ID. If the timeout 
expires with no line activity, the COM 9026 starts sending 
INVITATIONS TO TRANSMIT with the DID equal to the 
currently stored NID. Within a given network, only one COM 
9026 will timeout (the one with the highest ID number). After 
sending the INVITATION TO TRANSMIT, the COM 9026 
waits for activity on the line. If there is no activity for 74.7 


microseconds, the COM 9026 increments the NID value and 
transmits another INVITATION TO TRANSMIT using the new 
NID equal to the DID. If activity appears before the 74.7 
microsecond timeout expires, the COM 9026 releases con- 
trol of the line. During NETWORK RECONFIGURATION, 
INVITATIONS TO TRANSMIT will be sent to all 256 possi- 
ble ID’s. Each COM 9026 on the network will finally have 
saved a NID value equal to the ID of the COM 9026 that 
assumed control from it. From then until the next NET- 
WORK RECONFIGURATION, control is passed directly 
from one node to the next with no wasted INVITATIONS TO 
TRANSMIT sent to ID’s not on the network. When a node 
is powered off, the previous node will attempt to pass it the 
token by issuing an INVITATION TO TRANSMIT. Since this 
node will not respond, the previous node will time out and 
transmit another INVITATION TO TRANSMIT to an incre- 
mented ID and eventually a response will be received. 


The time required to do a NETWORK RECONFIGURA- 
TION depends on the number of nodes in the network, the 
propogation delay between nodes and the highest ID 
number on network but will be in the range of 24 to 61 
milliseconds. 


BROADCAST MESSAGES 


Broadcasting gives a particular node the ability to transmit 
a data packet to all nodes on the network simultaneously. 
ID zero is reserved for this feature and no node on the net- 
work can be assigned ID zero. To broadcast a message, 
the transmitting node’s processor simply loads the RAM 
buffer with the data packet and sets the destination ID (DID) 
equal to zero. Figure 8 illustrates the position of each byte 
in the packet with the DID residing at address 01 HEX of 
the current page selected in the TRANSMIT command. Each 
individual node has the ability to ignore broadcast mes- 
sages by setting the most signficant bit of the ENABLE 
RECEIVE TO PAGE nn command (see “WRITE COM 9026 
COMMANDS’) to a logic zero. 





COM 9026 OPERATION 


BUFFER CONFIGURATION 


During a transmit sequence, the COM 9026 fetches data 
from the Transmit Buffer, a 256 (or 512) byte segment of the 
RAM buffer. The appropriate buffer size is specified in the 
DEFINE CONFIGURATION command. When long pack- 
ets are enabled, the COM 9026 will interpret the packet as 
a long or short packet depending on whether the contents 


FIGURE 8— ADDRESS FORMAT 
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of buffer location 02 is zero or non zero. During a receive 
sequence, the COM 9026 stores data in the receive buffer, 
also a 256 (or 512) byte segment of the RAM buffer. The 
processor I/O command which enables either the COM 9026 
receiver or the COM 9026 transmitter also initializes the 
respective buffer page register. The formats of the buffers 
(both 256 and 512 byte) are shown below. 


ADDRESS FORMAT 
0 SID 
1 DID 
2 0 
3 COUNT =512-—N 


NOT 
USED 




















DATA BYTE 1 
DATA BYTE 2 
° 
e 
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DATA BYTE N-1 
DATA BYTEN 


N= DATA PACKET LENGTH 
SiD =SOURCE ID 
DID = DESTINATION ID 

(0 FOR BROADCASTS) 




















LONG PACKET 
(512 BYTE PAGE) 
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RECONFIGURE READ !ID* 
TIMER HAS FROM 
TIMED OUT SWITCHES 


WRITE ID 
TO RAM BUFFER 


SET NID = 10 


START 
RECONFIGURATION : 
TIMER { 840ms) TO TRANSMIT TO. 
THIS (0 
‘BUFFER ENQUIRY, 
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Mt 
TRANSMIT 
NAK 
TRANSMIT NO 
ACTIVITY 


ACK 


FOR 78.2 
TRANSMIT HS 
BROADCAST FREE BUFFER 
ENQUIRY 
SET NID =ID 
SEND 
PACKET 


START TIMER 
(255 - 1D)-146us 


FOR 74.7 
bs 


TRANSMIT. 
SET TMA INVITATION 0 


TRANSMI 
PASS THE TOKEN) 


NO 


INCREMENT ACTIVITY 
us 
SET AI 


* The ID set by the external switches is continually sampled during COM 9026 operation 
- ID refers to the identification number assigned to this node 
- NID refers to the next identification number receiving the token from this ID 


- SID = source identification 
- DID =destination identification 
- SOH = start of header character; preceeds all data packets 


FIGURE 3—9026 OPERATION 
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PROCESSOR INTERFACE 


Figure 2 illustrates a typical COM 9026 to processor inter- 
face. The signals on the left side of this figure represent typ- 
ical processor signals with a 16 bit address bus and an 8 bit 
data bus with the data bus multiplexed onto the lower 8 
address lines (PAD7-PADO). The processor sees a net- 
work node (a node consists of a COM 9026, RAM buffer, 
cable transceiver, etc. as shown in figure 2) as 2K memory 
locations and 4 I/O locations within the COM 9026. 


The RAM buffer is used to hold data packets temporarily 
prior to transmission on the network and as temporary stor- 
age of all received data packets directed to the particular 
node. The size of the buffer can be as large as 2K byte loca- 
tions providing four pages at a maximum of 512 bytes per 
page. For packet lengths smaller than 256 bytes, a 1K RAM 
buffer can be used to provide four pages of storage. In this 
case address line IA8 (sourced from either the COM 9026 
or the processor) should be left unconnected. Since four 
pages of RAM buffer are provided, both transmit and receive 
operations can be double buffered with respect to the pro- 
cessor. For instance, after one data packet has been loaded 
into a particular page within the RAM buffer and a transmit 
command for that page has been issued, the processor can 
start loading another page with the next message in a multi- 
message transmission sequence. Similarly, after one mes- 
sage is received and completely loaded into one page of 
the RAM buffer by the COM 9026, another receive com- 
mand can be issued to allow reception of the next packet 
while the first packet is read by the processor. In general, 
the four pages in the RAM buffer can be used for transmit 
or receive in any combination. In addition, the processor 


CLK | | | 


will also use the interface bus (IA10-IA8, |AD7-IADO) when 
performing I/O access cycles (status reads from the COM 
9026 or command writes to the COM 9026). 


To accomplish this double buffering scheme, the RAM buffer 
must behave as a dual port memory. To.allow this RAM to 
be a standard component, arbitration and contro! on the 
interface bus (1A10-IA8, IAD7-IADO) is required to permit 
both the COM 9026 and the processor access to the RAM 
buffer and, at the same time, permit all processor I/O oper- 
ations to or from the COM 9026. 


Processor access cycle requests begin on the trailing edge 
of AS if either IOREQ or MREQ is asserted. These access 
cycles run completely asynchronous with respect to the COM 
9026. Because of this, upon processor access cycle 
requests, the COM 9026 immediately puts the processor 
into a wait state by asserting the WAIT output. This gives 
the COM 9026 the ability to synchronize and control the 
processor access cycle. When the processor access cycle 
is synchronized by the COM $026, the WAIT signal is even- 
tually removed allowing the processor to complete its cycle. 


For processor RAM buffer access cycles, AIE and ADIE 
enable the processor address captured during AS time onto 
the interface address bus (IA10-IA8, [AD7-IADO). The sig- 
nal L will capture the 8 least significant bits of this address 
(appearing on IAD7-IADO) before the data is multiplexed 
onto it. At the falling edge of L, a stable address is pre- 
sented to the RAM buffer. For read cycles, OE allows the 
addressed RAM buffer data to source the interface address/ 
data bus (IAD7-IADO). In figure 2, this information is passed 
into a transparent latch gated with WAIT. At the falling edge 
of WAIT, the data accessed by the processor is captured 
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and driven out via the logic function RD anded with REQ. 
For processor |/O read cycles from the COM 9026, ADIE 
and AIE are used to enable the processor address into the 
COM 9026. Data out of the COM 9026 is gated through the 
transparent latch and appears on the processor's data bus 
with the same control signals used for RAM read cycles. 


For processor write cycles, after the falling edge of L, the 
COM 9026 produces a WE (write enable) output to the RAM 
buffer, and the ILE output from the COM 9026 allows the 
processor data to source the interface address/data bus 
(IAD7-IADO). At this time the COM 9026 waits for DWR 
before concluding the cycle by removing the WAIT output. 
DWR should only be used if the processor cannot deliver 
the data to be written in enough time to satisfy the write setup 
time requirements of the RAM buffer. By delaying the acti- 
vation of DWR, the period of the write cycle will be extended 
until the write data is valid. Since the architecture and oper- 
ation of the COM 9026 requires periodic reading and writ- 
ing of the RAM buffer in a timely manner, holding the DWR 
input off for a long period of time, or likewise by running the 
processor at a slow speed, can result in a data overflow 
condition. It is therefore recommended that if the processor 
write data setup time to the RAM buffer is met, then the DWR 
input should be grounded. 


For processor I/O write cycles to the COM 9026, ADIE and 
AIE are used to enable the processor’s address onto the 
interface data bus. ILE is used to enable the processor's 
write data into the COM 9026. Delaying the activation of 
DWR will hold up the COM 9026 cycle requiring the same 
precautions as stated for Processor RAM Write cycles. 

















As stated previously, processor requests occur at the fall- 
ing edge of AS if either IOREQ or MREQ are active. COM 
9026 requests occur when the transmitter or receiver need 
to read or write the RAM buffer in the course of executing 
the commana. If the COM 9026 requests a bus cycle at the 
same time as the processor, or shortly after the processor, 
the COM 9026 cycle will follow immediately after the pro- 
cessor cycle. Figure 4 illustrates the timing relationship of 
a Processor RAM Read cycle followed by a COM 9026 RAM 
read cycle. Once the AS signal captures the processor 
address to the RAM buffer and requests a bus cycle, it takes 
4 CLK periods for the processor cycle to end. Figure 4 breaks 
up these 4 CLK periods into 8 half clock interval labeled 1P 
through 8P. ACOM 9026 access cycle will take 5 CLK periods 
to end. Figure 4 breaks up these 5 CLK periods into 10 half 
intervals labeled 1C through 10C. 





If a processor cycle request occurs after a COM 9026 request 
has already been granted, the COM 9026 cycle will occur 
first, as shown in figure 5. Figure 5 illustrates the timing 
relationship of a COM 9026 RAM Write cycle followed by a 
Processor RAM Write cycle. Due to the asynchronous nature 
of the bus requests (AS and CLK), the transition from the 
end of the COM 9026 cycle to the beginning of the proces- 
sor cycle might have some dead time. Refering to figure 5, 
if AS falling edge occurs after the start of half CLK interval 
9C, no real contention exists and it will take between 200 
and 500 nanoseconds before the processor cycle can start. 
The start of the processor cycle is defined as the time when 
the COM 9026 produces a leading edge on both ADIE and 
AIE. If the processor request occurs before the end of half 
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CLK interval 5C (figure 5 illustrates this situation), then the 
processor cycle will always start at half CLK interval 1P. The 
uncertainty is introduced when the processor request occurs 
during half CLK intervals 6C, 7C or 8C. In this case, the 
processor cycle will start between 200 and 500 nanose- 
conds later depending on the particular timing relation 
between AS and CLK. The maximum time between pro- 
cessor request and processor cycle start, which occurs when 
the processor request comes just after a COM 9026 request, 
is 1300 nanoseconds. It should be noted that all times 
specified above assume a nominal CLK period of 200 
nanoseconds. 

Figures 6 and 7 illustrate timing for Processor Read COM 
9026 and Processor Write COM 9026 respectively. These 
cycles are also shown divided into 8 half clock intervals (1P 
through 8P) and can be inserted within figures 4 and 5 if 
these processor cycles occur. 


POWER UP AND INITIALIZATION 
The COM has the following power up requirements: 


1—The POR input must be active for at least 100 
milliseconds. 
2—The CLK input must run for at least 10 clock cycles before 
the POR input is removed. 
3—While POR is asserted, the CA input may be running or 
held high. If the CA input is running, POR may be 
released asynchronously with respect to CA. If the CA 
input is held high, POR may be released before CA 
begins running. 
During POR the status register will assume the following 
state: 
BIT 7 (RI) set to a logic “1”. 
BIT 6 (ETS2) not affected 
BIT 5 (ETS1) not affected 
BIT 4 (POR) set to a logic “1”. 
BIT 3 (TEST) set to a logic “0”. 
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BIT 2 (RECON) set to a logic “O”. 
BIT 1 (TMA) set to a logic “0”. 
BIT 0 (TA) set to a logic “1”. 


In addition the DSYNC output is reset inactive high and the 
interrupt mask register is reset (no maskable interrupts 
enabled). Page 00 is selected for both the receive and the 
transmit RAM buffer. After the POR signal is removed, the 
COM 9026 will generate an interrupt from the nonmaskable 
Power On Reset interrupt. The COM 9026 will start oper- 
ation four CA clock cycles after the POR signal is removed. 
At this time, the COM 9026, after reading its ID from the 
external shift register, will execute two write cycles to the 
RAM buffer. Address 00 HEX will be written with the data 
D1 HEX and address 01 HEX will be written with the ID 
number as previously read from the external shift register. 
The processor may then read RAM buffer address 01 to 
determine the COM 9026 ID. It should be noted that the data 
pattern D1 written into the RAM has been chosen arbitrar- 
ily. Only if the D1 pattern appears in the RAM buffer can 
proper operation be assured. 


CLOCK GENERATOR 

The COM 9026 uses two separate clock inputs namely CA 
and CLK. The CLK input is a 5 MHz free running clock and 
the CA input is a start/stop clock periodically stopped and 
started to allow the COM 9026 to synchronize to the incom- 
ing data that appears on the RX input. 


Figure 9 illustrates the timing of the CA clock generator and 
its relationship to the DSYNC output and the RX input. The 
DSYNC output is used to control the stopping of the CA clock. 
On the next rising edge of the CA input after DSYNC is 
asserted, CA will remain in the high state. The CA clock 
remains halted in the high state as long as the RX signal 
remains high. When the RX signal goes low, the CA clock 
is restarted and remains running until the next falling 
edge of DSYNC. (See figure 20 for an implementation of 
this circuit.) 
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EXTENDED TIMEOUT FUNCTION 


There are three timeouts associated with the COM 9026 
operation. 


Response Time 

This timeout is equal to the round trip propagation delay 
between the 2 furthest nodes on the network plus the max- 
imum turn around time (the time it takes a particular COM 
9026 to start sending a message in response to a received 
message) which is known to be 12 microseconds. The round 
trip propagation delay is a function of the transmission media 
and network topology. For a typical system using RG62 coax 
in a baseband system, a one way cable propagation delay 
of 31 microseconds translates to a distance of about 4 miles. 
The flow chart in figure 3 uses a value of 74.7 microsec- 
onds (31+31+12+margin) to determine if any node 
will respond. 


Idle Time 

This time is associated with a NETWORK RECONFIGUR- 
ATION. Refering to figure 3, during a NETWORK RE- 
CONFIGURATION one node will continually transmit INVI- 
TATIONS TO TRANSMIT until it encounters an active node. 
Every other node on the network must distinguish between 
this operation and an entirely idle line. During NETWORK 
RECONFIGURATION, activity will appear on the line every 
78 microseconds. This 78 microsecond ts equal to the 
response time of 74.7 microseconds plus the time it takes 
the COM 9026 to retransmit another message (usually 
another INVITATION TO TRANSMIT). The actual timeout 
is set to 78.2 microseconds to allow for margin. 


Reconfiguration Time 


If any node does not receive the token within this time, the 
node will initiate a NETWORK RECONFIGURATION. 


The ET2 and ET1 inputs allow the network to operate over 
longer distances than the 4 miles stated earlier. DC levels 
on these inputs control the maximum distances over which 
the COM 9026 can operate by controlling the 3 timeout val- 
ues described above. Table 1 illustrates the response time 
and reconfiguration time as a function of the ET2 and ET1 
inputs. The idle time will always be equal to the response 
time plus 3.5 microseconds. It should be noted that for proper 
network operation, all COM 9026’s connected to the same 
network must have the same response time, idle time and 
reconfiguration time. 
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COM 9026 INTERNAL PROGRAMMABLE 
TIMER VALUES 


TABLE 1 


1/0 COMMANDS 


/O commands are executed by activating the IOREQ input. 
The COM 9026 will interrogate the ADO and the R/W inputs 
at the AS time to execute commands according to the fol- 
lowing table: 


low |write interrupt mask 
high |read status register 
low |write COM 9026 command 
high {reserved for future use 







READ STATUS REGISTER | 


Execution of this command places the contents of the sta- 
tus register on the data bus (AD7-ADO) during the read por- 
tion of the processor’s read cycle. The COM 9026 status 
register contents are defined as follows: 

BIT 7—Receiver inhibited (Rl)—This bit, if set high, indi- 
cates that a packet has been deposited into the RAM 
buffer page nn as specified by the last ENABLE 
RECEIVE TO PAGE nn command. The setting of 
this bit can cause an interrupt via INTR if enabled 
during a WRITE INFERRUPT MASK command. No 

. messages will be received until an ENABLE 
RECEIVE TO PAGE nn command is issued. After 
any message is received, the receiver is automat- 
ically inhibited by setting this bit to a logic one. 

BIT 6—Extended Timeout Status 2 (ETS2)—This bit re- 
flects the currentlogic value tied to the ET2 input pin 
(pin 1). 

BIT 5—Extended Timeout Status 1 (ETS1)—This bit re- 
flects the currentlogic value tied to the ET1 input pin 
(pin 3). 


BIT 4—Power On Reset (POR)—This bit, if set high, indi- 
cates that the COM 9026 has received an active 
signal on the POR input (pin 40). The setting of this 
bit will cause a nonmaskable interrupt via INTR. 

BIT 3—Test (TEST)—This bit is intended for test and diag- 
nostic purposes. It will be a logic zero under any 
normal operating conditions. 

BIT 2—Reconfiguration (RECON)—This bit, if set high, 
indicates that the reconfiguration timer has timed 
out because the RX input was idle for 78.2 micro- 
seconds. The setting of this bit can cause an inter- 
rupt via INTR if enabled by the WRITE INTERRUPT 
MASK command. The bit is reset low during a 
CLEAR FLAGS command. 

BIT 1—Transmit Message Acknowledged (TMA)—This bit, 
if set high, indicates that the packet transmitted as 
a result of an ENABLE TRANSMIT FROM PAGE 
nn command has been positively acknowledged. 
This bit should only be considered valid after the 
TA bit (bit 0) is set. Broadcast mesages are never 
acknowledged. 

BIT O—Transmitter Available (TA)—This bit, if set high, 
indicates that the transmitter is available for trans- 
mitting. This bit is set at the conclusion of a ENA- 
BLE TRANSMIT FROM PAGE nn command or upon 
the execution of aDISABLE TRANSMITTER com- 
mand. The setting of this bit can cause an interrupt 
via INTR if enabled by the WRITE INTERRUPT 
MASK command. 


WRITE INTERRUPT MASK 


The COM 9026 is capable of generating an interrupt signal 
when certain status bits become true. A write to the MASK 
register specifies which status bits can generate the inter- 
rupt. The bit positions in the MASK register are in the same 
position as their corresponding status bits in the STATUS 
register with a logic one in a bit position enabling the cor- 
responding interrupt. The setting of the TMA, EST1, and 
EST2 status bits will never cause an interrupt. The POR 
status bit will cause a non-maskable interrupt regardless of 


the value of the corresponding MASK register bit. The MASK 


register takes on the following bit definition: 
BIT7 BIT6 BITS BIT4 BIT3 BIT2_ BIT1 BITO 


RECEIVE RECON TRANSMITTER 
INHIBIT XXX | XXX | XXX | XXX | TIMER | XXX { AVAILABLE 


The three maskable status bits are anded with their respec- 
tive mask bits, and the results, along with the POR status 
bit, are or’ed to produce the processor interrupt signal INTR. 
This signal returns to its inactive low state when the inter- 
rupting status bit is reset to a logic “O” or when the corre- 
sponding bit in the MASK register is reset to a logic “O”. To 
clear an interrupt generated as a result of a Power On Reset 
or Reconfiguration occurance, the CLEAR FLAGS com- 
mand should be used. To clear an interrupt generated as a 
result of a completed transmission (TA) or a completed 
reception (RI), the corresponding masks bits should be reset 
to a logic zero. 
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WRITE COM 9026 COMMANDS 


Execution of the following commands are initiated by performing a processor I/O write with the written data defining the 
following commands: 


WRITTEN DATA COMMAND 
00000000 


00000001 DISABLE TRANSMIT TER—This command will cancel any pending transmit command 
(transmission has not yet started) when the COM 9026 next receives the token. This com- 
00000010 


mand will set the TA (Transmitter Available) status bit when the token is received. 
DISABLE RECEIVER—This command will cancel any pending receive command. If 
the COM 9026 is not yet receiving a packet, the RI (Receiver Inhibited) bit will be set 
the next time the token is received. If packet reception is already underway, reception 
000nn011 
b00nn100 
, transmission is a transmission to ID zero. The RI status bit is set to a logic one upon 
successful reception of a message. 
0000c101 DEFINE CONFIGURATION—If c is a logic “1°; the COM 9026 will handle short as 
well as long packets. If cis a logic “0”, the COM 9026 will only handle short packets 
(less than 254 bytes). 
000rp110 CLEAR FLAGS—If pis a logic “1” the POR status flag is cleared. If ris a logic “I”, the 
RECON status flag is cleared. 


will run to its normal conclusion. 
All other combinations of written data are not permitted and can result in incorrect chip and/or network operation. 







































ENABLE TRANSMIT FROM PAGE nn—This command prepares the COM 9026 to 
begin a transmit sequence from RAM buffer page nn the next time it receives the 
token. When this command is loaded, the TA and TMA bits are set to a logic “0”. The 
TA bit is set to a logic one upon completion of the transmit sequence. The TMA bit will 
have been set by this time if the COM 9026 has received an acknowledgement from 
the destination COM 9026. This acknowledgement is strictly hardware level which is 
sent by the receiving COM 9026 before its controlling processor is even aware of 
message reception. It is also possible for this acknowledgement to get lost due to line 
errors; etc. This implies that the TMA bit is not a guarantee of proper destination 
reception. Refer to figure 3 for details of the transmit sequence and its relation to the 
TA and TMA status bits. 


ENABLE RECEIVE TO PAGE nn—This command allows the COM 9026 to receive 
data packets into RAM buffer page nn and sets the Rl status bit to a logic zero. If “b” 
is alogic “1”, the COM 9026 will also receive broadcast transmissions. A broadcast 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ............. cece cece cee eee eee aise ites get al eset sca2ia Metis ra ee tee dean ears Oto 70°C 
Storage Temperature Range ..................05- Aci ined ch Renee Widche CSA cate e hstacs eM ocetd Maw ncaarett - 55 to 150°C 
Lead Temperature (soldering, 10 seconds) ........... ccc cece eee een eee e eee e eb teen eee eeeeeeetees + 325°C 
Positive Voltage on:any pin. «aids ecad onto eid ces Ghee Uh ad wane Med ees Oe ee eee a Haw egies Beenie +8V 
Negative Voltage on any pin, with respect to ground ...... 0. ccc ccc cece eee ene ete teen eee e tenis -0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or any other condition above those indicated in the operational sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not 
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power 
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility exists, it is 
suggested that a clamp circuit be used. 


DC ELECTRICAL CHARACTERISTICS (T, =0°C to 70°C, Vcc =5.0V + 5%) 











PARAMETER COMMENTS 






Vi... input low voltage 
Vin. input high voltage 1 except CA and CLK 
Ving input high voltage 2 for CA or CLK 
Ve, output low voltage 1 lo. = 1.6 ma 
Voz output low voltage 2 lo. = 2.0 ma 
Voy output high voltage (1) 

input leakage current 

input capacitance 


os data bus capacitance 
all other capacitance 
power supply current 


ele? tax 
2 


Circuitry inside dotted lines is contained in a hybrid 
module available from the following sources: 

Centralab, Inc. 

2601 South Moorland Road 

P.O. Box 2145 

Milwaukee, WI 53201 

Part # Straight Lead Frame—71-0961-001 
Right Angle Frame—71-0961-002 


Micro-Technology, Inc. 
W141 N5984 Kaul Avenue 
Menomonee Falls, WI 53051 
Part # A60101 (specify straight or right 
angle frame) 


Zenith CRT & Components Operations 
100 Milwaukee Avenue 
Glenview, IL 60025 
Part # Straight Lead Frame—-EG-A059101A 
Right Angle Frame-EG-A059102A 


FIGURE 20: TYPICAL SYSTEM IMPLEMENTATION 
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AC ELECTRICAL CHARACTERISTICS (T, = 0° to 70°C, Voc =5.0V +5%) 


PARAMETER 


CLK pulse width 

CLK period 

CLK off time 

CA pulse width 

CA period 

CA off time 

CLK, CA rise time 

CLK, CA fall time 

width of addr. strobe 

REQ output delay 

WAIT assertion delay 

delay to rising edge 

of processor cycle 

data hold into COM 9026 

setup COM 9026 data out 

WE delay from CLK 

TX on delay from CA 

falling edge 

TX off delay from CA 

rising edge 

AS period 

DSYNC delay from CA 

rising edge 

delay to wait off 

DWAR setup time 

ILE delay from CLK 

processor addr. setup from ADIE, 
processor command setup time 
addr. enable setup time to L 
addr. hold time from L 

strobe and data hold for read 
AD bus HI impedance to OEs 
delay of IDLD from CLK rising edge 
delay of IDDAT from CLK rising edge 
off delay from CLK rising edge 
addr. to RAM data valid 
OE setup to WAIT falling edge 
strobe & data hold for write 
addr. enable setup to WAIT 
ADIE to OE delay 

COM 9026 write data hold time 
OE to RAM data valid 

status setup to AS falling edge 
status hold from AS falling edge 
RX setup to CA rising edge 

RX hold time from CA rising edge 
POR active time 





10 


7/2 tp 
10 


20 
50 
10 


125 
50 
50 


nN 
coooh 


140 


300 
40 
80 


50 

50 

80 

30 
100 


100 







20 
20 















100 
200 


2t-+ 100 





100 
150 


150 


150 
100 


100 
50 


COMMENTS 





te = teen =. 
4 
= 
~ 
o 
ui 
“n 

tp = teere 


after V,, has been stable 
for time t,,, the minimum 
POR active time is 

10 cycles of CLK. 


The above timing information is valid for a worst case 40% to 60% duty cycle on CLK. All times are measured from the 50% point of 
the signals. 


FIGURE 10— 
CLK, CA 
AC CHARACTERISTICS 


CLK 
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FIGURE 11— 
PROCESSOR ACCESS 
SYNCHRONIZATION 


|= ta 
START OF PROCESSOR 
z ACCESS CYCLE 


L ti, 


FIGURE 12—TRANSMIT AND RECEIVE TIMING . 


ks I 
WE 
- ved DO are 
————— a ths . 
DWA 
| , ty, | ie 
ILE 
t 
7 ty \<—— 
L Li 
ty 
tre 
WAIT 


FIGURE 13—PROCESSOR WRITE RAM AC TIMING 
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= 


SECTION IN” 


RAM DATA 
INTO COM 9026 


VALID 
COM 9026 ADDR 


FIGURE 16—COM 9026 WRITE RAM AC TIMING 
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PROCESSOR ADDR COM 9026 DATA OUT 


Fe 


te 


FIGURE 18—PROCESSOR WRITE COM 9026 AC TIMING 


rel too | tee 


(FROM SHIFT REGISTER) 





FIGURE 19—ID INPUT AC TIMING 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
STANDARD MICROSYSTEMS tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
CORPORATION information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
Or assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
rae acs devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 

(516) 273-3100 TwX-510-227-8898 at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION ees COM 9032 
——= 


COM 9032 
Local Area Network Transceiver 
LANT 


FEATURES PIN CONFIGURATION 


(] Reduces chip count for COM 9026 ARCNET“ 
implementations by 6-8 TTL chips 


= 
= 
— 
o 
Ww 
wn” 





PULS2 
CL) Performs all clock generation SOCST 
functions for the COM 9026 PULS1 
[1 Compatible with the COM 9026 oo 
ZC Provides line drive signals CPUCLK 
for transmission CKSEL 
CL] Converts incoming serial receive TTLCLK RXOUT 
data to NRZ data format osc XIN 
L] Generates two 4 MHz general purpose 
clocks GND LANCLK 


GENERAL DESCRIPTION 


The COM 9032 local area network transceiver is a com- 
panion chip to the COM 9026 Local Area Network Control- 
ler (LANC) and will perform the additional functions 
necessary to allow simple interface to a transmission media 
for all ARCNET*(or equivalent) local area networks. Usinga 
20 Ml input clock, the COM 9032 will produce two, 5 MHz 
clocks for the COM 9026. The first 5 MHz clock is free run- 
ning and will directly feed the CLK input of the COM 9026 
(pin 19). The second 5 MHz clock has start/stop capability 
which is controlled by the DSYNC output of the COM 9026 
(pin 36) and the received data input as required by the COM 
9026 (pin 2). Two additional 4 MHz free running clocks are 
also generated on the COM 9032 to allow operation of other 
logic, a microprocessor, or an LSI controller. 

During data reception, the COM 9032 will convert incom- 
ing serial receive data from the transmission media to NRZ 
form which will directly feed the RX input of the COM 9026 
(pin 38). During transmission, the COM 9032 converts 
the transmit data from the COM 9026 (TX, pin 37) into the 
waveforms necessary to drive opposite ends of the rf 
transformer used in the ARCNET*“ cable electronics shown 
in figure 2. 





FIGURE 1: 
*ARCNET is a registered trademark of the Datapoint COM 9032 BLOCK DIAGRAM 
Corporation. 





217 


Ble 


fof Or ertete ei ese ie cea 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
I 
| 
| 


L 


Circuitry inside dotted lines is contained in a hybrid 
module available from the following sources: 

Centralab, Inc. 

2601 South Moorland Road 

P.O. Box 2145 

Milwaukee, Wi 53201 

Part # Straight Lead Frame—71-0961-001 
Right Angle Frame—71-0961-002 


Micro-Technology, Inc. 
W141 N5984 Kaul Avenue 
Menomonee Falls, WI 53051” 
Part # A60101 (specify straight or right 
angle frame) 


; Zenith CRT & Components Operations 
LS166 : 100 Milwaukee Avenue 
Glenview, IL 60025 


eco a Part # Straight Lead Frame—EG-A059101A 


4 = ; FIGURE 2: ; - _ Right Angle Frame—EG-A059102A 
oa TYPICAL COM 9032 INTERCONNECT 





DESCRIPTION OF PIN FUNCTIONS 
(Refer to figure 2) 


COM 9026 INTERFACE 


PINNO. {NAME SYMBOL 
1 PULSE 2 PUL 
PULSE 1 PULS1 
RECEIVE IN RXIN 


$2 
DELAYED DSYNC 
SYNC 













FUNCTION 
















output. 


2 
3 
11 
12 
13 
14 











TRANSMIT INHTX 
INHIBIT 


SYSTEM CLOCK INTERFACE 


PINNO. | NAME SYMBOL 


CPU CLOCK CPUCLK 


5 -|CLOCK CKSEL 
SELECT 
ae TTL CLOCK TTLCLK 










FUNCTION 










LOCAL AREA 
NETWORK 
CLOCK 


asserted during a 


This Output is a 5 MHz start/stop clock that is halted when DSYNC goes active 
low and restarted by a low signal on the RXOUT output. This clock is capable of 
driving 70 pf plus one LS load with 20 nanoseconds rise and fall times. 


TRANSMIT TX This input, which is asserted by the COM 9026, is the serial data transmitted by 
DATA the node. 


This active low input inhibits the TX signal from initiating transmit signals by forc- 
ing PULS1 and PULS2 to a high and BLNK to a low. This signal should be 
power on reset condition. 





This output is a 4 MHz free running clock capable of driving 130 pf with 30 nano- 
second rise and fall times. It is identical to the TTLCLK input when CKSEL is 
high. When CKSEL is low, this output becomes the inversion of the signal that is 
fed into the TTLCLK input. 
This input selects the clock interface option for the TTLCLK and CPUCLK. When 
this signal is high, both the TTLCLK and CPUCLK are identical 4 MHz free run- 
ning clock outputs which are generated from the 20 MHz input clock (OSC) via a 
divide by 5 frequency divider. When this input is low, the TTLCLK pin becomes an 
_input and the CPUCLK output will produce the inversion of the signal appearing 
on TTLCLK input. 
This pin can be either an input or an output depending on the state of the 
CKSEL input. When CKSEL is high, a free running 4 MHz clock is ouput. When 
CKSEL is low, the pin becomes an input which drives an inverter that feeds the 
CPUCLK output. 


OSCILLATOR This input requires a 20 MHz clock. 


LANCLK This output will supply the free running 5 MHz clock to the COM 9026, pin 19. Itis 
capable of driving 70 pf plus one LS load with 20 nanoseconds rise and fall times. 
GROUND 


+5 VOLT Voc Power Supply 
SUPPLY 







PULS2 and PULS1 are two nonoverlapping negative pulses which occur every 
time the TX input is pulsed. PULS2 and PULS1 are used to feed an external 
driver as shown in fig 
When used with the circuitry shown in figure 2, this output should be left uncon- 
nected. The timing of this signal is shown in figure 4. 
This input is the recovered receive data from the network. For each dipulse . 
appearing on the network, the comparator shown in figure 2 will produce a pos- 
itive pulse which directly feeds this input. 


RECEIVE RXOUT This output is the NRZ data generated as a function of the RXIN pulse waveform 
OUT which directly feeds the RX input of the COM 9026 (pin 38). 


This active low input, which is asserted by the COM 9026, will halt the CA clock 


ure 2. 







































FUNCTIONAL DESCRIPTION 


Transmit logic (refer to figures 2 and 4) 

The COM 9026, when transmitting data on TX, will pro- 
duce a negative pulse of 200 nanoseconds in duration to 
indicate a logic “1” and no pulse to indicate a logic “0”. 
Refering to figure 4, a 200 nanosecond pulse on TX is con- 
verted to two, 100 nanosecond nonoverlapping pulses 
shown as PULS1 and PULS2. The signals PULS1 and 
PULS2 are used to create a 200 nanosecond wide dipulse 
by driving opposite ends of the RF transformer shown in 
figure 2. 











Receive logic (refer to figures 2 and 5) 

As each dipulse appears on the cable, it is coupled 
through the RF transformer, passes through the matched 
filter, and feeds the 75108B comparator. The 75108B pro- 


219 


duces a positive pulse for each dipulse received from the 
cable. These pulses are captured by the COM 9032 and are 
converted to NRZ data with the NRZ data bit boundaries 
being delayed by 5 OSC clock periods as shown in figure 
5. As each byte is received by the COM 9026, the CA clock 
is stopped by the COM 9026 (via DSYNC) until the first 
bit of the next byte is received which will automatically re- 
start the CA clock. The COM 9026 uses the CA clock to 
sample the NRZ data and these sample points are shown in 
figure 5. 

Typically, RXIN pulses occur at multiples of the transmis- 
sion rate of 2.5 MHz (400 nanoseconds). The COM 9032 
can tolerate distortion of plus or minus 100 nanoseconds 
and still correctly capture and convert the RXIN pulses to 
NRZ format. 








MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 SEC.) 00... . cece cece cere ee ee eee renee eee een eee eee eee eens eee ene e Eee ne ete ees 325°C 
Positive Voltage On Any PIN ......... ccc cece cece eee nee e ene rece eet e tne e seen ee ten en eenes paces lob erataie Ais stents mee Rene ey 


Negative Voltage on any Pin 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 


device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 
DC ELECTRICAL CHARACTERISTICS (T, = 0°C to + 70°C, Vcc = 5V +5%) 


PARAMETER 
INPUT VOLTAGES 


4H 
iu 


OUTPUT VOLTAGES 


OH1 


Vous 
Vone 


OL2 


Vous 
Vous 


LEAKAGE CURRENT 


W 
lie 
INPUT CAPACITANCE 
IN 


SUPPLY CURRENT 


cc 
AC CHARACTERISTICS 


PARAMETER 
OSC Input 

CY1 

CHT 

CLI1 


CA, LANCLK 


CY2 
tone 
toe 
tee 
tao 


TTLCLK 


teva 

tena 

CLS 

CPUCLK (CKSEL is high) 

teva 

tons 

tors 

tes 

tha 

tock 


TRANSMIT TIMING 


STC 
‘STO 
HTC 
tro 
Pic 
to, ° 
top 
ter w 
WB 
P2w 
RST 


RECEIVE TIMING 


RS 
taw 
too 
tho 
tsso 

SSC 

ROW. 


| MIN’ | TYP | MAX | UNIT | 


Ears 





250 
110 
110 
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COMMENTS 


lon = —0.4 mA, PULS1, PULS2, 
RXOUT and TTLCLK outputs. 
los = 4.0 mA, PULS1, PULS2, 
RXOUT and TTLCLK outputs. 
loy= — 0.1 mA, CPUCLK output. 
Io. =0.1 MA, CPUCLK output. 
lon = —0.1 mA, CA and LANCLK 
outputs. 

Io. = 0.4 mA, CA and LANCLK 
outputs. 





TTLCLK input with CKSEL low. 
all other inputs. 


at 20 MHz OSC frequency. 


COMMENTS 


for CKSEL low. 


+8V 


TTLCLK 
(CKSEL = HIGH) 


45 


CPUCLK 05 
(CKSEL HIGH) 


TTLCLK 
(CKSEL LOW) 
CPUCLK 
(CKSEL HIGH) 


FIGURE 3: CLOCK TIMING 


FIGURE 4: TRANSMIT TIMING PARAMETERS 


SAMPLE SAMPLE ~ 


FIGURE 5: RECEIVE TIMING PARAMETERS 
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STANDARD MICROSYSTEMS 
CORPORATION 


35 Marcus Bivd., Hauppauge, N.Y. 11788 
(516) 273-3100 - TWX-510-227-8898 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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-COM5Q16 =| Dual BaudRateGenerator | On-chip oscillator or external _ ot i +1 AED ee a25- 226 
ae Pee : os : Po frequency input) ae 
COM 5016T°) | Dual Baud RateGenerator | ~~ External frequency input 7 ae DIP_| 225.226 
COM 5026 | Single Baud RateGenerator {| On-chip oscillator or external jf : 
COM BORZ6T(}) | Single Baud Rate Generator | External frequencyinput = 
OM Bose : oe Bouin Bate Generator o COM 6016 withadditiona! = | 45,412 |. 
. ; output of input frequency +4 fo 9 
ou Baer { f. oS ee Rate Generator 1 COM S016T with additional 
: Oy _ _ Output of input frequency +4. > 
: ingle Baud Rate Generator - COM 5026 with additional Cj 
A output of input frequency + 4. 
Bingis Baud Rate Generator COM S026T with additional 
. oe ' Output of input frequency +4) 
“Single Baud RateGenerator | 3k baud rates; 1X, 16x, 32x 
Oe ; clock outputs; single +8 volt 
Bingie Baud Rate Generator =| COM oer withextermal 
: : ‘ 3 frequency input only 
A Dual Baud Rate Generator : single aay volt version of 
: Dual Baud bee) Generatar : cages +5 volt version of oe 
: : 4) COM BoleT. oo 
pee Baud ate Generator 1 Single +5 valk version of ae 
Cs be) comeose Co 
oe Blast ny single oud tee Generator | Single +5 volt version ct 
: ope : : : | 3 COM BOR6T ee 
OM aise : ‘Daal Baud Bate Generator a Single +5 volt version Of 
ee i ao = COM 5038 ee Hy 
“Cont aisen Dual Baud Rate Generator do eines ee yolt version 7 : 


CO e148 ce “Single Baud ate Generstor : ingle +5 voy version Of. 
ae OM 5046 - 





Cont. aiaer ‘Sings Baud Rate Generator a Ble. oe tof TB CADP | 846-846. 


“May be custom mask programmed 
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STANDARD MICROSYSTEMS COW 5016 
CORPORATION oe eae COM 5016T 





eee 


Dual Baud Rate Generator 


Programmable Divider 








FEATURES PIN CONFIGURATION 
—] Onchip crystal oscillator or external 
frequency input XTAL/EXT1 18 XTAL/EXT2 
CJ Choice of 2 x 16 output frequencies 17 ft 
C) 16 asynchronous/synchronous baud rates 16 T, 
CT] Direct UART/USRT/ASTRO/USYNRT 
compatibility | 15 Te 
[] Full duplex communication capability 14 Te 
(] TTL, MOS compatibility 13 T, 
12 STT 
11 GND 
10 NC 
BLOCK DIAGRAM 


iia REPROGRAMMABLE 
O-LATCH FREQUENCY SELECT 
ROM 


XTAL/EXT1 DIVIDER 


XTAL 
CLOCK 


BUFFER 


XTALIEXT2 DIVIDER 


FREQUENCY REPROGRAMMABLE 
D-LATCH DECODE FREQUENCY SELECT 
AND ROM 


CONTROL h h h 


+5V GND.+12V 
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General Description 


The Standard Microsystems COM 5016 Dual Baud Rate Generator/Programmable Divider is an N-channel 
COPLAMOS® MOSILSI device which, froma single crystal (on-chip oscillator) or input frequency is capable of generating 32 
externally selectable frequencies. 


The COM 5016 is specifically dedicated to generating the full spectrum of 16 asynchronous/synchronous data communi- 
cation frequencies as shown in Table 1. One of the sixteen output frequencies is externally selected by four address inputs, 
oneach of the independent dividers, as shown in Table 1. 


Internal re-programmable ROM allows the generation of other frequencies from other crystal frequencies or input 
frequencies. The four address inputs on each divider section may be strobe (150ns) or DC loaded. As the COM 5016 is a dual 
baud rate generator, full duplex (independent receive and transmit frequencies) operation is possible. 


The COM 5016 is basically a programmable 15-stage feedback shift register capable of dividing any modulo up to 
(25-1). 


By using one of the frequency outputs it is possible to generate additional divisions of the master clock frequency by 
cascading COM 5016's. The frequency output is fed into the XTAL/EXT input on a subsequent device. In this way one crystal 
or input frequency may be used to generate numerous output frequencies. 


The COM 5016 can be driven by either an external crystal or TTL logic level inputs; COM 5016T is driven by TTL logic 
level inputs only. 


Description of Pin Functions 


Function 


XTAL/EXT1 Crystal or This input is either one pin of the crystal package or one polarity 

External Input 1 | of the external input. 

Vec Power Supply | +5 volt supply 
fr Receiver Output | This output runs at a frequency selected by the Receiver divisor 
Frequency select data bits. 
Ra, Rg, Rc, Rp |Receiver-Divisor | The logic level on these inputs, as shown in Table 1, selects the 

Select Data Bits | receiver output frequency, fp. 

Strobe-Receiver | A high level input strobe loads the receiver data (R,, Rs, Rc, Rp) into 
the receiver divisor select register. This input may be strobed or 
hard-wired to a high level. 

Power Supply | +12 volt supply 
No Connection 
Ground Ground 
Strobe- A high level input strobe loads the transmitter data (T,, Ts, Tc, Tp) 
Transmitter into the transmitter divisor select register. This input may be 
strobed or hard-wired to a high level. 
Transmitter- The logic level on these inputs, as shown in Table 1, selects the 
Divisor transmitter output frequency, f;. 
Select Data Bits 
Transmitter || This output runs at a frequency selected by the Transmitter divisor 
Output select data bits. 
Frequency 
XTAL/EXT2 Crystal or This input is either the other pin of the crystal package or the 
External Input 2 | other polarity of the external input. 





For electrical characteristics, see page 233. 
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STANDARD MICROSYSTEMS COM 5026 
a COM 5026T 






Baud Rate Generator 


Programmable Divider 


FEATURES PIN CONFIGURATION 

CJ Onchip crystal oscillator or external 
frequency input 

LJ Choice of 16 output frequencies XTAL/EXT1 

(_] 16 asynchronous/synchronous baud rates 

C Direct UART/USRT/ASTRO/USYNRT mISERN2 
compatibility +5v 

CJ TTL, MOS compatibility NC 


= 
z 
=] 
- 
oo 
tw 
72) 





NC 





BLOCK DIAGRAM 


REPROGRAMMABLE 
FREQUENCY SELECT 


ROM 


XTAL/EXT1 
XTAL DIVIDER 
CLOCK 
BUFFER 


XTAL/EXT2 


Ka ke ck 


+5V GND +12V 
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GENERAL DESCRIPTION 


The Standard Microsystems COM 5026 Baud Rate Generator/Programmable Divider is an N-channel COPLAMOS® 
MOS/LSI device which, from a single crystal (on-chip oscillator) or input frequency is capable of generating 16 externally 
selectable frequencies. 


The COM 5026 is specifically dedicated to generating the full spectrum of 16 asynchronous/synchronous data communi- 
cation frequencies as shown in Table 1. One of the sixteen output frequencies is externally selected by four address inputs, 
as shown in Table 1. 


Internal re-programmable ROM allows the generation of other frequencies from other crystal frequencies or input 
frequencies. The four address inputs may be strobe (150ns) or DC loaded. 


The COM 5026 is basically a programmable 15-stage feedback shift register capable of dividing any modulo up to (2'5— 1). 

By using the frequency output, it is possible to generate additional divisions of the master clock frequency by 
cascading COM 5026's. The frequency outputis fed into the XTAL/EXT input on a subsequent device. In this way one crystal or 
input frequency may be used to generate numerous output frequencies. 


The COM 5026 can be driven by either an external crystal or TTL logic level inputs; COM 5026T is driven by TTL logic level 
inputs only. 


Description of Pin Functions 


Function 


XTAL/EXT1 This input is either one pin of the crystal package or one polarity 


of the external input. 


Crystal or 
_External Input 1 


XTAL/IEXT2 This input is either the other pin of the crystal package or the 


Crystal or 


Ap. Ac. As, AA 


four 


External Input 2 
Power Supply 
No Connection 
Ground 

Power Supply 
Strobe 


Input Address 


Output 
Frequency 


For electrical characteristics, see page 233. 


other polarity of the external input. 


+5 volt Supply 


Ground 
+12 volt Supply 


A high-level strobe loads the Input Address (Aa, As, Ac, Ao) 
into the Input Address register. This input may be strobed or 
hard wired to a high-level, 


The logic level on these inputs. as shown in Table 1, selects 
the output frequency. 


This output runs at a frequency as selected by the Input Address. 
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STANDARD MICROSYSTEMS | 
CORPORATION eee COM 50367 
——= 






Dual Baud Rate Generator 


Programmable Divider 


FEATURES PIN CONFIGURATION 

Lj Onchip crystal oscillator or external 
frequency input XTAL/EXT1 18 XTAL/EXT2 

i Choice of 2x 16 output frequencies 17 f, 

[] 16 asynchronous/synchronous baud rates 16 T, 

LJ Direct UART/USRT/ASTRO/USYNRT jai 
compatibility B 

CF Full duplex communication capability 14 T. 

C1] High frequency reference output 13 T, 





(J TTL, MOS compatibility 12 STT 


11 GND 
10 fx/4 





BLOCK DIAGRAM 


REPROGRAMMABLE 
FREQUENCY SELECT 


XTAL/EXT1 DIVIDER 


XTAL'EXT2 DIVIDER 


FREQUENCY REPROGRAMMABLE 
FREQUENCY SELECT 
D-LATCH DECOOE 
AND 
CONTROL ROM 
+5v GND +12v 
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General Description 


The Standard Microsystems COM 5036 Dual Baud Rate Generator/Programmable Divider is an. N-channel COP- 
LAMOS® MOS/LSI device which, from a single crystal (on-chip oscillator) or input frequency is capable of generating 32 
externally selectable frequencies. 


The COM 5036 is specifically dedicated to generating the full spectrum of 16 asynchronous/synchronous data communi- 
cation frequencies as shown in Table 1. One of the sixteen output frequencies is externally selected by four address inputs, 
oneach of the independent dividers, as shown in Table 1. 


Internal re-programmable ROM allows the generation of other frequencies from other crystal frequencies or input 
frequencies. The four address inputs on each divider section may be strobe (150ns) or DC loaded. As the COM 5036 is a dual 
baud rate generator, full duplex (independent receive and transmit frequencies) operation is possible. 


The COM 5036 is basically a programmable 15-stage feedback shift register capable of dividing any modulo up to 
(2'5—1). 

By using one of the frequency outputs it is possible to generate additional divisions of the master clock frequency by 
cascading COM 5036's. The frequency output is fed into the XTAL/EXT input on a subsequent device. In this way one crystal 
or input frequency may be used to generate numerous output frequencies. 


The COM 5036 can be driven by either an external crystal or TTL logic level inputs; COM 5036T is driven by TTL logic 
level inputs only. 


The COM 5036 provides a high frequency reference output at one-quarter (1/4) the XTAL/EXT input frequency. 


Description of Pin Functions 


Function 


XTAL/EXT1 Crystal or This input is either one pin of the crystal package or one polarity 
External Input 1 | of the external input. 
Vec Power Supply | +5 volt supply 
fe Receiver Output | This output runs at a frequency selected by the Receiver divisor 
Frequency select data bits. 
R,, Rg, Rc, Rp| Receiver-Divisor| The logic level on these inputs, as shown in Table 1, selects the 
Select Data Bits | receiver output frequency, fp. . 

STR Strobe-Receiver| A high level input strobe loads the receiver data (Ra, Rg, Rc, Rp) into 
the receiver divisor select register. This input may be strobed or 
hard-wired to a high level. 

Vop Power Supply | +12 volt supply 

f,/4 f,/4 Y% crystal/clock frequency reference output. 

GND Ground Ground 

STT Strobe- A high level input strobe loads the transmitter data (T,, Ts, Tc, Tp) 

Transmitter into the transmitter divisor select register. This input may be 
strobed or hard-wired to a high level. 
13-16 | Tp, Tc, Tg, T,| Transmitter- The logic level on these inputs, as shown in Table 1, selects the 
Divider transmitter output frequency, f;. 
Select Data Bits 
f; Transmitter This output runs at a frequency selected by the Transmitter divisor 
Output select data bits. 
Frequency 
XTAL/EXT2 Crystal or This input is either the other pin of the crystal package or the 
External Input 2 | other polarity of the external input. 





For electrical characteristics, see page 233. 


230 





STANDARD MICROSYSTEMS COM 5046 


Baud Rate Generator 


Programmable Divider 


FEATURES PIN CONFIGURATION 
CJ Onchip crystal oscillator or external 
frequency input 
C] Choice of 16 output frequencies XTAL/EXT1 14 four 
1] 16 asynchronous/synchronous baud rates 
(J Direct UART/USRT/ASTRO/USYNRT ATAERTS 13 A 
compatibility +5v 12 B 
CJ High frequency reference output NC 1¢C 
(1 TTL, MOS compatibility 10D 


NC 9 ST 
8 fx/4 





2 
7 
oQ 
— 
oOo 
aS. ie 
n 





BLOCK DIAGRAM 


REPROGRAMMABLE 
FREQUENCY SELECT 


ROM 


XTAL/EXT1 


XTAL DIVIDER 
CLOCK 


BUFFER 


XTAL/EXT2 


GND +12v 
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GENERAL DESCRIPTION 


The Standard Microsystems COM 5046 Baud Rate Generator/Programmable Divider is an N-channel COPLAMOS® 
MOS/LSI device which, from a single crystal (on-chip oscillator) or input frequency is capable of generating 16 externally 
selectable frequencies. 


The COM 5046 is specifically dedicated to generating the full spectrum of 16 asynchronous/synchronous data communi- 
cation frequencies as shown in Table 1. One of the sixteen output frequencies is externally selected by four address inputs; 
as shown in Table 1. 


Internal re-programmable ROM allows the generation of other frequencies from other crystal frequencies or input 
frequencies. The four address inputs may be strobe (150ns) or DC loaded. 


The COM 5046 is basically a programmable 15-stage feedback shift register capable of dividing any modulo up to 
(2'5— 1). 

By using the frequency output, it is possible to generate additional divisions of the master clock frequency by cascading 
COM 5046's. The frequency output is fed into the XTAL/EXT input on a subsequent device. In this way one crystal or input 
frequency may be used to generate numerous output frequencies. 


The COM 5046 can be driven by either an external crystal or TTL logic level inputs; COM 5046T is driven by TTL logic 
level inputs only. 


The COM 5046 provides a high frequency reference output at one-quarter (1/4) the XTAL/EXT input frequency. 


Description of Pin Functions 


Function 


XTAL/EXT1 


XTAL/IEXT2 


Ao, Ac. As. Aa 


four 


Crystal or 
External Input 1 


Crystal or 
External Input 2 


Power Supply 
No Connection 
Ground 

Power Supply 


Reference 
Frequency 


Strobe 


Input Address 


Output 
Frequency 


For electrical characteristics, see page 233. 


This input is either one pin of the crystal package or one polarity 
of the external input. 


This input is either the other pin of the crystal package or the 
other polarity of the external input. 


+5 volt Supply. 


Ground 


+12 volt Supply. 
High frequency reference output @ (1/4) fin 


A high-level strobe loads the Input Address (Aa, As, Ac, Ap) 
into the Input Address register. This input may be strobed or 
hard wired to a high-level, 


The logic level on these inputs. as shown in Table 1, selects 
the output frequency. 


This output runs at a frequency as selected by the Input Address. 
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ELECTRICAL CHARACTERISTICS COM5016, COM5016T, COM5026, COMS5026T, 


COM5036, COM5036T, COM5046, COM5046T 
MAXIMUM GUARANTEED RATINGS* 


Operating Lemperature Range: s/t io0.5 aoc kw hsaawa dew atthe alee ak, a aan daed «ae eee eee aw aed o°C to + 70°C 
Storage Temperature Range ....... 2... ee ene cent eee ee en nee ens — 55°C to + 150°C 
Lead Temperature (Soldering, 10 S€C.) 6... ec ene e nec e eee teen neces ia daanes +325°C 
Positive Voltage on any Pin, with respect to ground ......... 2... cence tent ee ene eeens +18.0V 
Negative Voltage on any Pin, with respectto ground ........... 0. ccc cece eee B dette eh icsctade tthe cate: hace rts —0.3V 


“Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vec=+5V+5%, Voo=+12V+5%, unless otherwise noted) 





Parameter Min. Typ. Max Unit Comments 
D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 
Low-level, Vit 0.8 Vv excluding XTAL inputs 
High-level, Vin 2.0 Vcc V 
OUTPUT VOLTAGE LEVELS 
Low-level, Vot 0.4 V lo. = 1.6ma 
0.5 V lo. = 3.2ma 
High-level, Vou Vec—-1.5 4.0 V lon = 100pnA 
INPUT CURRENT 
Low-level, fit 0.3 mA Vin = GND, excluding XTAL inputs 
INPUT CAPACITANCE 
All inputs, Cin 5 10 pf Vin = GND, excluding XTAL inputs 
EXT INPUT LOAD 8 10 Series 7400 unit loads 
POWER SUPPLY CURRENT 
Icc 28 45 mA 
Ippo 12 22 mA 
A.C. CHARACTERISTICS Ta = +25°C 
CLOCK FREQUENCY 5.0688 MHz  XTAL, EXT 
PULSE WIDTH 
Clock 50% Duty Cycle +5% 
Strobe 150 DC ns See Note 1. 
INPUT SET-UP TIME 
Address 50 ns See Note 1. 
INPUT HOLD TIME 
Address 50 ns 
STROBE TO NEW FREQUENCY DELAY 3.5 BLS = 1/fiy (18) 


Note 1: Input set-up time can be decreased to = Ons by increasing the minimum strobe width by 50ns to a total of 200ns. 


TIMING DIAGRAM 


Tpw* 


Vin 


STROBE (ST) 


Vit 
TseT-uP 
Vin 
ADDRESS 


Vit 


“Address need only be valid during the last Tew, Min time of the input strobe. 
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5.0688 MHz 


crystal 


Crystal Operation ; oh External Input Operation 


OC 


COM5016 COM5016/COM5016T 
COM5036 COM5036/COMS5036T ~ 


5.0688 MHz 


74XX—totem pole or open collector output (external 
pull-up resistor required) 


Crystal Operation External Input Operation 
COM5026 COM5026/COM5026T 
COM5046 COM5046/COM5046T 


74XX 
TTL 


74XX—totem pole or open collector output (external 
pull-up resistor required) 


For ROM re-programming SMC has a computer program available whereby the customer 
need only supply the input frequency and the desired output frequencies. 
The ROM programming is automatically generated. 





Crystal Specifications Crystal manufacturers (Partial List) 
User must specify termination (pin, wire, other) Northern Engineering Laboratories 


Prefer: HC-18/U or HC-25/U 357 Beloit Street 
Burlington, Wisconsin 53105 


Frequency — 5.0688 MHz, AT cut (414) 763-3591 
Temperature range 0°C to 70°C Bulova Frequency Control Products 
Series resistance <50 61-20 Woodside Avenue 
Series Resonant Woodside, New York 11377 


(212) 335-6000 


: CTS Knights Inc. 

or as required 101 East Church Street 
Sandwich, Illinois 60548 
(815) 786-8411 
Crystek Crystals Corporation 
1000 Crystal Drive 
Fort Myers, Florida 33901 
(813) 936-2109 


Overall tolerance + .01% 
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APPLICATIONS INFORMATION 


Charge pump techniques 
using the +5 volt power 
supply can be used to 
generate the + 12 volt 
power supply required. 
The +12 volt power 
supply of figure 1 will 
supply the 22 milli- amps 
that is typically required. 


When powering this device from laboratory 
or system power supplies, it is important 
that the Absolute Maximum Ratings not be 
exceeded or device failure can result. Some 
power supplies exhibit voltage spikes 

or “glitches” on their outputs when the AC 
power is switched on and off. In addition, 
voltage transients on the AC power line 
may appear on the DC output. For example, 
the bench power supply programmed to 
deliver + 12 volts may have large voltage 
transients when the AC power is switched 
on and off. If this possibility exists it is 
suggested that the clamp circuit of figure 2 
ora Semtech'bi-polarity silicon transient 
suppressor such as the 1N6110 be used. 


*“SEMTECH CORPORATION 
652 Mitchel Road 

Newbury Park, California 91320 
213-628-5392 


From Power 
Supply 
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Figure 1 


I 


VOLTAGE CHARGE PUMP 
SUPPLY FOR +12v SUPPLY 


Figure 2 


OVER-VOLTAGE 
PROTECTION 
CIRCUIT 


To Chip Power 
Supply Pin 


SECTION IV 





COM5016, COM5016T, COM5026, COM5026T, 
COM5036, COM5036T, COM5046, COM5046T 


Baud Rate Generator Output Frequency Options 


Table 1. (16X clock) Table 2. (16X clock) 
CRYSTAL FREQUENCY = 5.0688 MHz CRYSTAL FREQUENCY = 4.9152 MHz 


Tr’mit/Receive Theoretical Actual Duty Tr'mit/Receive Theoretical Actual Duty 
Address Baud Frequency Frequency Percent Cycle Address Baud Frequency Frequency Percent Cycle 
B A_ Rate 16X Clock 16X Clock Error %  ODivisor Cc B A Rate 16X Clock 16X Clock Error % Divisor 


50 0 50 0.8 KHz f 50/50 6144 
75 1 75 1.2 ; 50/50 4096 
110 0 110 1.76 : ; "2793 
134.5 1 134.5 50/50 2284 
150 QO 150 50/50 2048 
300 1 300 50/50 1024 
600 OQ 600 50/50 512 
1200 1 1200 50/50 256 
1800 0 1800 2 
1 50/50 
0 
1 
0 
1 
0 
1 


[=] 
oo 
a 
x 
N 


50/50 6336 
50/50 4224 
50/50 2880 
50/50 2355 
50/50 2112 
50/50 1056 
50/50 528 
50/50 264 
50/50 
50/50 
50/50 
50/50 
50/50 
50/50 
48/52 
50/50 


fo) 


a 
to 
o>] 
i) 
= 
a 
nN 


2000 2000 

2400 2400 50/50 
3600 3600 : 
4800 50/50 
7200 . 7 
9600 153.6 
19.200 307.2 


DNDNBOOPRNN=x¢ 
NOMDROONAMA Nid 


NOWWM— 
FANBDNYODOOPN! 
DADROBDNMAOA 


4800 
7200 


= 01 WN 
PLYAGDNSNUBDOORNMM==>¢ 
DONADROBDNOAAA 


_ 
a 


9600 . : 50/50 
19,200 307.2 ; 50/50 


aes = 4 4 OQQDCDD0CO 
B34 AU OOCOSB4K 40000 
@=4~DOO= 4 0COBm400=8400 
=90-02=0=0-0-0-020 
pli FlIRpliititlettt 
a 
ne one olololololololo—Ea! 
=4 43 -@8DO00024440000 


AM HANOWWONM— 
aBaaSISSS 


own 
a 


Table 3. (32X clock) 


CRYSTAL FREQUENCY = 5.0688 MHz 


Tr'mit/Receive Theoretical Actual Duty 
Address Baud Frequency Frequency Percent Cycle 
B A_ Rate 32X Clock 32X Clock Error %  ODivisor 


50 1.6 KHz 1.6 KHz 50/50 3168 
75 2.4 2.4 50/50 2112 
110 50/50 1440 
* 1177 
50/50 1056 
50/50 792 
50/50 528 
50/50 264 
50/50 132 
50/50 
50/50 
50/50 


50/50 
5 50/50 
5 50/50 


OP Ee es = 


sae se t2 OOOC0COCCOCO |g 
==sa49OQ00022= =90000/0 
4~ACO]=4300=$004=400 


_— 
NM 


OUTPUT FREQUENCY OPTIONS 


Part No. Dash Number 

Table 1 Table 2 Table 3 
5016/5016T STD -5 -6 
5026/5026T STD -5 -6 


§036/5036T STD N/A N/A 
5046/5046T STD N/A N/A 





“When Duty Cycle is not exactly 50%, itis 50% + 10%. 
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STANDARD MICROSYSTEMS COM 804 


Baud Rate Generator 


Programmable Divider 








FEATURES PIN CONFIGURATION 
Cl a chip crystal oscillator or external 
requency input 
ZC Single + 5v power supply XTAL/EXT1 
CJ Choice of 32 output frequencies XTAL/EXT2 
L 32 asynchronous/synchronous baud rates +5v 
CJ Direct UART/USRT/ASTRO/USYNRT fx 
compatibility 
CL] Re-programmable ROM via CLASP® GND 
ee allows generation of other fo/16 
requencies 
LI TTL, MOS compatible inne 
(1 1X Clock via fo/16 output E 
LO Crystal frequency output via fx and fx/4 





outputs 
C1 Output disable via FENA 


BLOCK DIAGRAM 


REPROGRAMMABLE 


FREQUENCY SELECT 
LATCH 
DIVIDER 
ROM 
ig! 
LOGIC 


XTAL/EXT1 ea 


OSC, 
0 DIVIDER 
CLOCK 


XTAL/EXT2 BUFFER 
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General Description 


The Standard Microsystems COM 8046 is an en- 
hanced version of the COM 5046 Baud Rate 
Generator. It is fabricated using SMC’s patented 
COPLAMOS® and CLASP® technologies and em- 
ploys depletion mode loads, allowing operation from 
a single +5v supply. 


The standard COM 8046 is specifically dedicated to 
generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 1X, 
16X and 32X UART/USRT/ASTRO/USYNRT devices. 


The COM 8046 features an internal crystal oscillator 
which may be used to provide the master reference 
frequency. Alternatively, an external reference may be 
supplied by applying complementary TTL level sig- 
nals to pins 1 and 2. Parts suitable for use only with an 
external TTL reference are marked COM 8046T. TTL 
outputs used to drive the COM 8046 or COM 8046T 
should not be used to drive other TTL inputs, as noise 
immunity may be compromised due to excessive 
loading. 


The reference frequency (fx) is used to provide two 
high frequency outputs: one at fx and the other at 
fx/4, The fx/4 output will drive one standard 7400 
load, while the fx output will drive two 74LS loads. 


The output of the oscillator/buffer is applied to the 
divider for generation of the output frequency fo. The 
divider is capable of dividing by any integer from 6 


to 2° + 1, inclusive. If the divisor is even, the output 
will be square; otherwise the output will be high 
longer than it is low by one fx clock period. The output 
of the divider is also divided internally by 16 and made 
available at the f./16 output pin. The fo/16 output will 
drive one and the fo output will drive two standard 
7400 TTL loads. Both the fo and fo./16 outputs can be 
disabled by supplying a low logic level to the FENA 
input pin. Note that the FENA input has an internal 
pull-up which will cause the pin to rise to approx- 
imately Vcc if left unconnected. 


The divisor ROM contains 32 divisors, each 19 bits 
wide, and is fabricated using SMC’s unique CLASP® 
technology. This process permits reduction of turn- 
around-time for ROM patterns. 


The five divisor select bits are held in an externally 
strobed data latch. The strobe input is level sensitive: 
while the strobe is high, data is passed directly 
through to the ROM. Initiation of a new frequency is 
effected within 3.5us of a change in any of the five 
divisor select bits; strobe activity is not required. 
This feature may be disabled through a CLASP® pro- 
gramming option causing new frequency initiation to 
be delayed until the end of the current f, half-cycle 
All five data inputs have pull-ups identical to that 
of the FENA input, while the strobe input has no 
pull-up. 


Description of Pin Functions 


XTAL/EXT1 Crystal or 
External Input 1 
Crystal or 
External Input 2 


Power Supply 


XTAL/EXT2 


Function 


This input is either one pin of the crystal package or one polarity 
of the external input. 


This input is either the other pin of the crystal package or the other 
polarity of the external input. 


+5 volt supply 


Crystal/clock frequency reference output 


Ground 


1X clock output 


Enable A low level at this input causes the f, and f,/16 outputs to be 


held high. An open or a high level at the FENA input enables the 
fo and f,/16 outputs. 


E Most significant divisor select data bit. An open at this input is 
equivalent to a logic high. 


No connection 
Y, crystal/clock frequency reference output. 


Divisor select data strobe. Data is sampled when this input is high, 
preserved when this input is low. 

Divisor select data bits. A=LSB. An open circuit at these inputs 
is equivalent to a logic high. 

fo 16X clock output 


NC 
f,/4 
Strobe 


D,C,B,A 





For electrical characteristics, see page 247. 
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STANDARD MICROSYSTEMS COM 8116 






Dual Baud Rate Generator 


Programmable Divider 


FEATURES PIN CONFIGURATION 
CJ Onchip crystal oscillator or external 
frequency input XTAL/EXT1 18 XTAL/EXT2 
C1 Single +5v power supply 17 f, 
CJ Choice of 2 x 16 output frequencies 16 T, 
CJ 16 asynchronous/synchronous baud rates 187 
LC Direct UART/ USRT/ASTRO/USYNRT : 
compatibility 14 Te 
(J Full duplex communication capability 13 T, 
TC] Re-programmable ROM via CLASP® 
technology allows generation of other 12 STT 
frequencies 11 GND 
LC] TTL, MOS compatibility 10 NC 





(1) Compatible with COM 5016 


BLOCK DIAGRAM 


REPROGRAMMABLE 
FREQUENCY SELECT 
ROM 


XTAUEXT1 DIVIDER 


XTALIEXT2 OIVIDER 


FREQUENCY REPROGRAMMABLE 
D-LATCH OECODE FREQUENCY SELECT 


AND 
CONTROL OM 
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General Description - 


The Standard Microsystem’s COM 8116 is an en- 
hanced version of the COM 5016 Dual Baud Rate 
Generator. It is fabricated using SMC’s patented 
COPLAMOS® and CLASP® technologies and em- 
ploys depletion mode loads, allowing operation from 
a single +5v supply. 


The standard COM 8116 is specifically dedicated to 
generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 
16X UART/USRT devices. A large number of the fre- 
quencies available are also useful for 1X and 32X 
ASTRO/USYNRT devices. 


The COM 8116 features an internal crystal oscillator 
which may be used to provide the master reference 
frequency. Alternatively, an external reference may be 
supplied by applying complementary TTL level sig- 
nals to pins 1 and 18. Parts suitable for use only with 
an external TTL reference are marked COM 8116T. 
TTL outputs used to drive the COM 8116 or COM 
8116T XTAL/EXT inputs should not be used to drive 


other TTL inputs, as noise immunity may be com- 
promised due to excessive loading. 


The output of the oscillator/buffer is applied to the 
dividers for generation of the output frequencies f,, fp. 
The dividers are capable of dividing by any integer 
from 6 to 2'° + 1, inclusive. If the divisor is even, the 
output will be square; otherwise the output will be 
high longer than it is low by one fx clock period. 


Each of the two divisor ROMs contains 16 divisors, 
each 19 bits wide, and is fabricated using SMC’s 
unique CLASP® technology allowing up to 32 dif- 
ferent divisors on custom parts. This process permits 
reduction of turn-around time for ROM patterns. 
Each group of four divisor select bits is held in an 
externally strobed data latch. The strobe input is level 
sensitive: while the strobe is high, data is passed di- 
rectly through to the ROM. Initiation of a new fre- 
quency is effected within 3.5us of a change in any of 
the four divisor select bits (strobe activity is not re- 
quired). The divisor select inputs have pull-up resis- 
tors; the strobe inputs do not. 


Description of Pin Functions 


XTAL/EXT1 Crystal or 


Function 


Vec 
fp 


Ra, Rs, Re, Ro 


13-16 |Tp, To, Tp, Ta 


fr 


XTAL/EXT2 


External Input 1 
Power Supply 
Receiver Output 
Frequency 
Receiver-Divisor 
Select Data Bits 
Strobe-Receiver 


No Connection 
No Connection 
Ground 


Strobe- 
Transmitter 


Transmitter- 
Divisor 
Select Data Bits 
Transmitter 
Output 
Frequency 
Crystal or 
External Input 2 


For electrical characteristics, see page 247. 


This input is either one pin of the crystal package or one polarity 
of the external input. 

+5 volt supply 

This output runs at a frequency selected by the Receiver divisor 
select data bits. 

The logic level on these inputs, as shown in Table 1, selects the 
receiver output frequency, fp. 

A high level input strobe loads the receiver data (R,, Rg, Re, Rp) into 
the receiver divisor select register. This input may be strobed or 
hard-wired to a high level. 


Ground 

A high level input strobe loads the transmitter data (T,, Ts, Tc, Tp) 
into the transmitter divisor select register. This input may be 
strobed or hard-wired to a high level. 


The logic level on these inputs, as shown in Table 1, selects the 
transmitter output frequency, f;. 


This output runs at a frequency selected by the Transmitter divisor 
select data bits. 


This input is either the other pin of the crystal package or the 
other polarity of the external input. 
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STANDARD MICROSYSTEMS COM 8126 
CORPORATION COM 8126 
——=S 


Baud Rate Generator 


Programmable Divider 


FEATURES PIN CONFIGURATION 
C1] Onchip crystal oscillator or external 
frequency input 


(J Single +5v power supply | XTAL/EXT1 14 four 
CJ) Choice of 16 output frequencies 








(] 16 asynchronous/synchronous baud rates MVALERTS os 
C1 Direct UART/USRT/ASTRO/USYNRT +5v 12B 
compatibility NC 1c 
(J Re-programmable ROM via CLASP® 10 D 
technology allows generation of other 
frequencies NC 9 ST 
C1 TTL, MOS compatibility NC 8 NC 


(] Compatible with COM 5026 





BLOCK DIAGRAM 


REPROGRAMMABLE 
FREQUENCY SELECT 


ROM 


XTAL/EXT1 


XTAL DIVIDER 
CLOCK 


BUFFER 


XTAL/EXT2 
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General Description 


The Standard Microsystem’s COM 8126 is an en- 
hanced version of the COM 5026 Baud Rate 
Generator. It is fabricated using SMC’s patented 
COPLAMOS® and CLASP® technologies and em- 
ploys depletion mode loads, allowing operation from 
a single +5v supply. 


The standard COM 8126 is specifically dedicated to 
generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 
16X UART/USRT devices. A large number of the fre- 
quencies available are also useful for 1X and 32X 
ASTRO/USYNRT devices. 


The COM 8126 features an internal crystal oscillator 
which may be used to provide the master reference 
frequency. Alternatively, an external reference may be 
supplied by applying complementary TTL level sig- 
nals to pins 1 and 2. Parts suitable for use only with 
an external TTL reference are marked COM 8126T. 
TTL outputs used to drive the COM 8126 or COM 
8126T XTAL/EXT inputs should not be used to drive 
other TTL inputs, as noise immunity may be com- 


promised due to excessive loading. 


The output of the oscillator/buffer is applied to the 
divider for generation of the output frequency. The 
divider is capable of dividing by any integer from 6 
to 2’ + 1, inclusive. If the divisor is even, the output 
will be square; otherwise the output will be high 
longer than it is low by one fx clock period. 


The divisor ROM contains 16 divisors, each 19 bits 
wide, and is fabricated using SMC’s unique CLASP® 
technology. This process permits reduction of turn- 
around time for ROM patterns. The four divisor select 
bits are held in an externally strobed data latch. The 
strobe input is level sensitive: while the strobe is high, 
data is passed directly through to the ROM. Initiation 
of a new frequency is effected within 3.5us of a 
change in any of the four divisor select bits (strobe 
activity is not required). This feature may be disabled 
through a CLASP® programming option causing new 
frequency initiation to be delayed until the end of the 
current foy; half-cycle. The divisor select inputs have 
pull-up resistors; the strobe input does not. 


Description of Pin Functions 


Crystal or 
External Input 1 


Crystal or 
External Input 2 


Power Supply 
No Connection 
Ground 
Strobe 


of the external 


Ground 


Function 


This input is either one pin of the crystal package or one polarity 


input. 


This input is either the other pin of the crystal package or the other 
polarity of the external input. 


+5 volt supply 


A high level strobe loads the input data (A, B, C, D) into the input 


divisor select register. This input may be strobed or hard-wired to 


a high level. 
Divisor Select 
Data Bits 
Output 
Frequency 


D,C,B,A 


four 


data bits. 


For electrical characteristics, see page 247. 
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The logic level on these inputs as shown in Table 1, selects the 
output frequency. 


This output runs at a frequency selected by the divisor select 





STANDARD MICROSYSTEMS COM 8136 


Dual Baud Rate Generator 


Programmable Divider 


FEATURES PIN CONFIGURATION 

CL] Onchip crystal oscillator or external 
frequency input XTAL/EXT1 18 XTAL/EXT2 

_] Single + 5v power supply 17 ¢ 

(1 Choice of 2 x 16 output frequencies 16 T, 

CJ] 16 asynchronous/synchronous baud rates ie 

C2 Direct UART/USRT/ASTRO/USYNRT ; 
compatibility 14 Te 

7 Full duplex communication capability 13 Tp 

(1 High frequency reference output io cere 





C1] Re-programmable ROM via CLASP® 
technology allows generation of other 11 GND 
frequencies 10 fx/4 
(J TTL, MOS compatibility 

C1 Compatible with COM 5036 








BLOCK DIAGRAM 


REPROGRAMMABLE 
FREQUENCY SELECT 


OM 


XTAL/EXT1 DIVIDER 


XTAL'EXT2 DIVIDER 


FREQUENCY REPROGRAMMABLE 


FREQUENCY SELECT 
D-LATCH =. One 


CONTROL ROM 
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General Description 


The Standard Microsystem’s COM 8136 is an en- 
hanced version of the COM 5036 Dual Baud Rate 
Generator. It is fabricated using SMC’s patented 
COPLAMOS® and CLASP® technologies and em- 
ploys depletion mode loads, allowing operation from 
a single +5v supply. 


The standard COM 8136 is specifically dedicated to 
generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 
16X UART/USRT devices. A large number of the 
frequencies available are also useful for 1X and 32X 
ASTRO/USYNRT devices. 


The COM 8136 features an internal crystal oscillator 
which may be used to provide the master reference 
frequency. Alternatively, an external reference may be 
supplied by applying complementary TTL level sig- 
nals to pins 1 and 18. Parts suitable for use only with 
an external TTL reference are marked COM 8136T. 
TTL outputs used to drive the COM 8136 or COM 
8136T XTAL/EXT inputs should not be used to drive 
other TTL inputs, as noise immunity may be com- 
promised due to excessive loading. 


The output of the oscillator/buffer is applied to the 
dividers for generation of the output frequencies f,, fp. 
The dividers are capable of dividing by any integer 
from 6 to 2"? + 1, inclusive. If the divisor is even, the 
output will be square; otherwise the output will be 
high longer than it is low by one fx clock period. 


The reference frequency (fx) is used to provide a high 
frequency output at fx/4. 


Each of the two divisor ROMs contains 16 divisors, 
each 19 bits wide, and is fabricated using SMC’s 
unique CLASP® technology allowing up to 32 dif- 
ferent divisors on custom parts. This process permits 
reduction of turn-around time for ROM patterns. Each 
group of four divisor select bits is held in an externally 
strobed data latch. The strobe input is level sensi- 
tive: while the strobe is high, data is passed directly 
through to the ROM. Initiation of a new frequency is 
effected within 3.5us of a change in any of the four 
divisor select bits (strobe activity is not required). 
The divisor select inputs have pull-up resistors; the 
strobe inputs do not. 


Description of Pin Functions 


XTAL/EXT1 Crystal or 


Function 


This input is either one pin of the crystal package or one polarity 


External Input 1 
Vec Power Supply 


fp Receiver Output 
Frequency 


Receiver-Divisor 
Select Data Bits 


Strobe-Receiver 


Ra; Rs, Re, Rp 


STR 


NC 

f,/4 
GND 
STT 


No Connection 
f,/4 
Ground 
Strobe- 
Transmitter 

13-16 | Tp, Tc, Tz, Ta} Transmitter- 
Divider 
Select Data Bits 

f; Transmitter 
Output 
Frequency 
Crystal or 
External Input 2 


XTAL/EXT2 


For electrical! characteristics, see page 247. 


of the external input. 

+6 volt supply 

This output runs at a frequency selected by the Receiver divisor 
select data bits. 

The logic level on these inputs, as shown in Table 1, selects the 
receiver output frequency, fr. 


A high level input strobe loads the receiver data (Ra, Rs, Rc, Rp) into 
the receiver divisor select register. This input may be strobed or 
hard-wired to a high level. 


Y, crystal/clock frequency reference output. 

Ground 

A high level input strobe loads the transmitter data (T,, Ts, Tc, Tp) 
into the transmitter divisor select register. This input may be 
strobed or hard-wired to a high level. 

The logic level on these inputs, as shown in Table 1, selects the 
transmitter output frequency, f;. 


This output runs at a frequency selected by the Transmitter divisor 
select data bits. 


This input is either the other pin of the crystal package or the 
other polarity of the external input. 
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STANDARD MICROSYSTEMS COM 8146 
eae COM 8146T 


Baud Rate Generator 


Programmable Divider 


FEATURES PIN CONFIGURATION 

C1 On chip crystal oscillator or external 
frequency input 

1 Single +5v power supply XTAL/EXT1 14 four 

Cj Choice of 16 output frequencies 

(1 16 asynchronous/synchronous baud rates XTAL/EXT2 13. A 


C1 Direct UART/USRT/ASTRO/USYNRT +5v 12B - = 
compatibility NC 11C 8s 


] High frequency reference output 0 
(] Re-programmable ROM via CLASP® 
technology allows generation of other NC 9 ST 
frequencies NC 8 fx/4 
(J TTL, MOS compatibility 
1 Compatible with COM 5046 





BLOCK DIAGRAM 


REPROGRAMMABLE 
FREQUENCY SELECT 


ROM 


XTAL/EXT1 
XTAL DIVIDER 
CLOCK 


BUFFER 


XTAL/EXT2 
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General Description 


The Standard Microsystem’s COM 8146 is an en- 
hanced version of the COM 5046 Baud Rate 
Generator. It is fabricated using SMC’s patented 
COPLAMOS® and CLASP® technologies and em- 
ploys depletion mode loads, allowing operation from 
asingle +5v supply. 


The standard COM 8146 is specifically dedicated to 
generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 
16X UART/USRT devices. A large number of the fre- 
quencies available are also useful for 1X and 32X 
ASTRO/USYNRT devices. 


The COM 8146 features an internal crystal oscillator 
which may be used to provide the master reference 
frequency. Alternatively, an external reference may be 
supplied by applying complementary TTL level sig- 
nals to pins 1 and 2. Parts suitable for use only with an 
external TTL reference are marked COM 8146T. TTL 
outputs used to drive the COM 8146 or COM 8146T 
XTAL/EXT inputs should not be used to drive other 
TTL inputs, as noise immunity may be compromised 
due to excessive loading. 


The output of the oscillator/buffer is applied to the 
divider for generation of the output frequency. The 
divider is capable of dividing by any integer from 6 to 
2’ + 1, inclusive. If the divisor is even, the output will 
be square; otherwise the output will be high longer 
than it is low by one fx clock period. 


The reference frequency (fx) is used to provide a high 
frequency output at fx/4. 


The divisor ROM contains 16 divisors, each 19 bits 
wide, and is fabricated using SMC’s unique CLASP® 
technology. This process permits reduction of turn- 
around time for ROM patterns. The four divisor select 
bits are held in an externally strobed data latch. The 
strobe input is level sensitive: while the strobe is high, 
data is passed directly through to the ROM. Initiation 
of a new frequency is effected within 3.5zs of a 
change in any of the four divisor select bits (strobe 
activity is not required). This feature may be disabled 
through a CLASP® programming option causing new 
frequency initiation to be delayed until the end of the 
current fou; half-cycle. The divisor select inputs have 
pull-up resistors; the strobe input does not. 


Description of Pin Functions 


Crystal or 
External Input 1 


Crystal or 
External Input 2 


Power Supply 
No Connection 
Ground 
f,/4 


Ground 


Function 


This input is either one pin of the crystal package or one polarity 
of the external input. 


This input is either the other pin of the crystal package or the emer 
polarity of the external input. 


+5 volt supply 


Y% crystal/clock frequency reference output. 


Strobe A high level strobe loads the input data (A, B, C, D) into the input 
divisor select register. This input may be strobed or hard-wired to 
a high level. 

The logic level on these inputs as shown in Table 1, selects the 
output frequency. 

This output runs at a frequency selected by the divisor select 
data bits. 


Divisor Select 
Data Bits 
Output 
Frequency 





For electrical characteristics, see page 247. 
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ELECTRICAL CHARACTERISTICS COM8046, COM8046T, COM8116, COM8116T, COM8126, 


COM8126T, COM8136, COM8136T, COM8146, COM8146T 
MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ...... 2... ccc een teens o°C to + 70°C 
Storage Temperature Range... 6. nee eee eee e ene e nett ee — 55°C to + 150°C 
Lead Temperature (soldering, 10SEC.) 6... nee nnn EEE ne eee ees +325°C 
Positive Voltage on any Pin, with respect to ground .... 2... ee nnn eee +8.0V 
Negative Voltage on any Pin. with respectto ground ......... LET Saat dl egSaka aah BE he Srrareran htt PaaS ie  dateenet oaneacned -0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or ‘“‘glitches”’ on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= +5V+5%, unless otherwise noted) 


Parameter | Min. | Typ. | Max. | Unit | Comments 


D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 





Low-level, Vi 0.8 V = 
High-level, Vin 2.0 V__| excluding XTAL inputs 5 
OUTPUT VOLTAGE LEVELS : & 
Low-level, Vo. 0.4 V lo. = 1.6mA, for f,/4, fo/16 oO 
0.4 V_ | lo. =3.2mA, for fo, fe, fr 
; 0.4 V Io, =0.8mA, for fy 
High-level, Vou 3.5 V lon = —100zA; for fx, lon = —SOKA 
INPUT CURRENT 
Low-level, tu -0.1 mA | Vin=GND, excluding XTAL inputs 
INPUT CAPACITANCE 
All inputs, Cw 5 10 pF | Viw=GND, excluding XTAL inputs 
EXT INPUT LOAD 8 10 Series 7400 equivalent loads 
POWER SUPPLY CURRENT 
lee 50 mA 
A.C. CHARACTERISTICS Ta= +25°C 
CLOCK FREQUENCY, fin 0.01 7.0 MHz | XTAL/EXT, 50% Duty Cycle +5% 
COM 8046, COM 8126, COM 8146 
0.01 5.1 MHz | XTAL/EXT, 50% Duty Cycle +5% 
COM 8116, COM 8136 
STROBE PULSE WIDTH, tew 150 DC ns 
INPUT SET-UP TIME 
tos 200 ns 
INPUT HOLD TIME 
ton ; 50 ns 
STROBE TO NEW FREQUENCY DELAY 3.5 uS @ fx=5.0 MHz 


TIMING DIAGRAM 


teow 


Vin 
STROBE 


Vi 


DIVISOR Vin 
SELECT 
DATA 
Vir 
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Crystal Operation External Input Operation 
COM 8116 COM 8116/COM 8116T 
COM 8136 COM 8136/COM 8136T 


5.0688 MHz 


74XX—totem pole or open collector output (external 
pull-up resistor required) 


Crystal Operation External Input Operation 
COM 8126 COM 8126/COM 8126T 
COM 8146 COM 8146/COM 8146T 
COM 8046 COM 8046/COM 8046T 


5.0688 MHz 


74XX—totem pole or open collector output (external 
pull-up resistor required) 


For ROM re-programming SMC has a computer program available whereby the customer 
need only supply the input frequency and the desired output frequencies. 
The ROM programming is automatically generated. 





Crystal Specifications Crystal manufacturers (Partial List) 
User must specify termination (pin, wire, other) Northern Engineering Laboratories 


Prefer: HC-18/U or HC-25/U 357 Beloit Street 
Burlington, Wisconsin 53105 


Frequency — 5.0688 MHz, AT cut (414) 763-3591 
Temperature range 0°C to 70°C Bulova Frequency Control Products 
Series resistance <50 61-20 Woodside Avenue 
Series Resonant Woodside, New York 11377 


(212) 335-6000 


: CTS Knights Inc. 

or as required 101 East Church Street 
Sandwich, Illinois 60548 
(815) 786-8411 

Crystek Crystals Corporation 
1000 Crystal Drive 

Fort Myers, Florida 33901 

(813) 936-2109 


Overall tolerance + .01% 
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Divisor 
Select 
EDCBA 


00000 
00001 
00010 
00011 
00100 
00101 
00110 
00111 
01000 
01001 
01010 
01011 
01100 
01101 
01110 
01111 
10000 
10001 
10010 
10011 
10100 
10101 
10110 
10111 
11000 
11001 
11010 
11011 
11100 
11101 
11110 
11111 


Desired 
Baud 
Rate 


50.00 
75.00 
110.00 
134.50 
150.00 
200.00 
300.00 
600.00 
1200.00 
1800.00 
2400.00 
3600.00 
4800.00 
7200.00 
9600.00 
19200.00 
50.00 
75.00 
110.00 
134.50 
150.00 
300.00 
600.00 
1200.00 
1800.00 
2000.00 
2400.00 
3600.00 
4800.00 
7200.00 
9600.00 
19200.00 


Clock 
Factor 


COM 8046 
COM 8046T 


Table 2 
REFERENCE FREQUENCY =5.068800MHz 


Desired 
Frequency 


(KHz) 


1.60000 
2.40000 
3.52000 
4.30400 
4.80000 
6.40000 
9.60000 
19.20000 
38.40000 
57.60000 
76.80000 
115.20000 
153.60000 
230.40000 
307.20000 
614.40000 
0.80000 
1.20000 
1.76000 
2.15200 
2.40000 
4.80000 
9.60000 
19.20000 
28.80000 
32.00000 
38.40000 
57.60000 
76.80000 
115.20000 
153.60000 
307.20000 


Divisor 
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Actual 
Baud 
Rate 


200.00 
300.00 
600.00 
1200.00 
1800.00 
2400.00 
3600.00 
4800.00 
7200.00 
9900.00 
19800.00 
50.00 
75.00 
110.00 
134.52 
150.00 
300.00 
600.00 
1200.00 
1800.00 
2005.06 
2400.00 
3600.00 
4800.00 
7200.00 
9600.00 
19800.00 


Actual 
Frequency 
(KHz) 


1.600000 
2.400000 
3.520000 
4.306542 
4.800000 
6.400000 
9.600000 
19.200000 
38.400000 
57.600000 
76.800000 
115.200000 
153.600000 
230.400000 
316.800000 
633.600000 
0.800000 
1.200000 
1.760000 
2.152357 
2.400000 
4.800000 
9.600000 
19.200000 
28.800000 
32.081013 
38.400000 
57.600000 
76.800000 
115.200000 
153.600000 
316.800000 


Deviation 


0.0000% 
0.0000% 
0.0000% 
0.0591 % 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
3.1250% 
3.1250% 
0.0000% 
0.0000% 
0.0000% 
0.0166% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.2532% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
3.1250% 








COM8116, COM8116T, COM8126, COM8126T 
COM8136, COM8136T, COM8146, COM8146T 


Baud Rate Generator Output Frequency Options 


Table 1. (16X clock) "Table 2. (16X clock) 
CRYSTAL FREQUENCY = 5.0688 MHz CRYSTAL FREQUENCY = 4.9152 MHz 


Tr'mit/Receive Theoretical Actual Duty Tr'mit/Receive Theoretical Actual Duty 
Address Baud Frequency Frequency Percent Cycle Address Baud Frequency Frequency Percent Cycle 
D C B A _ Rate 16X Clock 16X Clock Error % Divisor 0 C B Rate 16X Clock 16X Clock Error %  Divisor 


50 0.8 KHz 50/50 6336 50 0.8 KHz 50/50 6144 
75 50/50 4224 75 1.2 50/50 4096 
110 50/50 2880 110 * 2793 
50/50 2355 134.5 50/50 2284 
50/50 2112 150 50/50 2048 
50/50 1056 300 50/50 1024 
50/50 528 600 50/50 512 
50/50 264 1200 50/50 256 


> 


wae 

iy 
xa 
=a 
N 


fo) 


an 

Le) 

S 
Phit teil 


ANDYBOOANN 
AMDPLOONODODAN 


NOM 


AANSVBOOANN=- 
° ¢ 

CELE AT Sh 
@w 


=aANOOWN— 


oOo 
a 


50/50 176 1800 

50/50 158 2000 50/50 
50/50 132 2400 50/50 
50/50 88 3600 B 
50/50 66 4800 50/50 
50/50 44 7200 =115. . 
48/52 33 9600 153.6 . 50/50 
50/50 16 19,200 307.2 : 50/50 


2s oS oeSGSGOSO 
awa @BOOOCOHAH==0000 
2920022004 00-4=00 
3=O-0-0-0-0-+0-0=-0 
aoe 2 4M OOOO OOCOCO 
aaa 2O00O4244140000 
—-3200--00-=00- +00 
-O-0-0-0-0-0-0-0 


DBANDHNROWDNADAA 


ad 
a 
ry) 
a 


(32X clock) 


Table 3. 


CRYSTAL FREQUENCY = 5.0688 MHz 


Tr'mit/Receive Theoretical Actual Duty 
Address Baud Frequency Frequency Percent Cycle 
B A Rate 32X Clock 32X Clock Error %  Divisor 


50/50 3168 
50/50 2112 
50/50 1440 
* 1177 
50/50 1056 
50/50 
50/50 
50/50 
50/50 
50/50 
50/50 
50/50 


50/50 
5 50/50 
5 50/50 


50 1.6 KHz 1.6 KHz 
75 . 

110 

134.5 

150 


PlTTI El itlgttt 


eee = a e oLololololololontio} 
344 4ACO00]=4=4=40000/0 
34002=4300-==00-=00 
30234020 0-0-=0-0-0 


oo 
Nn 


OUTPUT FREQUENCY OPTIONS 


Dash Number 
Table 1 Table 2 Table 3 
STD -5 -6 
STD -5 —6 











“When Duty Cycle :s not exactly 50%, itis 50% + 10%. 
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TANDARD 
STAN DARD MICROSYSTEMS COM 8116T 
——=— 


Baud Rate Generator Output 
Frequency Options 


COM 8116T-013 COM 8116T-003 
CRYSTAL FREQUENCY = 2.76480 MHz CRYSTAL FREQUENCIES = 6.01835 MHz 


Transmit/ Transmit/ 

Receive Theoretical Actual Duty Receive Theoretical Actual Duty 

Address Baud Frequency Frequency Percent Cycle Address Baud Frequency Frequency Percent Cycle 
B Rate 16X Clock —16X Clock Error % Divisor B Rate 16X Clock 16X Clock Error % Divisor 


50 0.8KHz 799.9Hz 

75 2 1200.0 
110 1759.7 
134.5 2151.7 
150 2399.6 
200 3199.5 
300 4799.3 


A 

0 50/50 7523 
1 

0 

1 

0 

1 

0 

1 600 9598.6 
0 

1 

0 

1 

0 

1 

0 

1 


50/50 5015 
50/50 3420 
50/50 2797 
50/50 2508 
50/50 1881 
50/50 1254 
50/50 627 
14 50/50 313 


0.8 KHz 0 50/50 3456 
0 50/50 2304 
-.006 50/50 1571 
152 —.019 50/50 1285 
50/50 1152 
50/50 864 
50/50 576 
50/50 288 
50/50 
50/50 
50/50 
50/50 
50/50 
50/50 
50/50 
44/56 


A 

0 50 

1 75 

0 110 

1 134.5 
0 150 

1 200 

0 300 

1 600 
0 

1 

0 

1 

0 

1 

0 

1 


Oo 
fee] 
x 
= 
SECTION IV - 


fo) 
oO 
a 


on 
fo 
on] 
ft 


1200 19227.9 
1800 28795.9 50/50 209 
2000 32012.5 50/50 188 
2400 38333.4 -0.17 50/50 157 
3600 57868.7 +0.46 50/50 
4800 77158.3 +0.46 50/50 
9600 154316.6 +0.46 50/50 

19,200 300917.5 2.04 50/50 


+ 
leloloolololololalelo) 


1200 
1800 
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0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


eee =33=43--4900000000 10 
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COM 8116T-013A 
CRYSTAL FREQUENCY—5.52960 MHz 


Transmit/ 
Receive Theoretical Actual Duty 
Address Baud Frequency Frequency Percent Cycle 
B Rate 16XClock 16X Clock Error %  ODivisor 


100 ; 1.6 KHz 0 50/50 3456 
150 : 2.4 0 50/50 2304 
220 : 3.5197 -.006 50/50 1571 
269 . 4.3032 -.019 50/50 1285 
300 : . 50/50 1152 
400 50/50 864 
600 50/50 576 
1200 50/50 
2400 50/50 
3600 50/50 
4000 50/50 
4800 50/50 
7200 50/50 
9600 50/50 
19,200 50/50 
38,400 44/56 


aes = = OOCOOCCOCO |S 
ST ofaloloieerantolalal a) 
=]=200-=]$00-= +0 0= = 00 
B2=03040-=04040-0-0 | > 
NAANMAAO 
SCOCDD0RODOOOO 
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COM 8017 


DUAL COM 2017 
BAUD RATE GENERATOR 


UART 


Typical UART—Dual Baud Rate Generator Configuration 
Full Duplex—Split Speed 


COM 1671 
COM 8046 ASTRO 


Typical ASTRO—Baud Rate Generator Configuration 


XTAL/EXT1 


XTAL/EXT2 


Typical External Oscillator Hook-Up To System 


XTAL/EXT1 


[__]XTAL 


COM 8XXX COMPARATOR To System 
50-100pF 


XTAL/EXT2 


Generation of Communication Reference Frequency and 
System Clock from a single crystal 





STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 


tions; consequently complete information sufficient for construction purposes is not necessarily given. The 


CORPORATION information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
ne Mac iG nyn7g assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
1516 273-3100 Twx-510-277-8698 - devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 


at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
——$-— 


SCF 9034 


Octave Bandpass Switched Capacitor Filter 


FEATURES 


C1 Very Flat Passband 
C1) Steep Transition Skirts 
L_] Extremely Linear Phase 
Response In the Passband 
LJ Low Harmonic Distortion 
C] High Dynamic Range 
LC Filter Center Frequency 
Adjustable Over Four Decades 
L] No External Components Required 
L] COPLAMOS® n-Channel MOS Technology 
L] Only + 5v & —5v Power Supplies Required 





PIN CONFIGURATION 


Vdda(+5v) 1 


8 (J Output 


Analog Ref. 
Input (Gnd) 


5 [J] (+5V) Vdd 


GENERAL DESCRIPTION 


The SMC SCF9034 is a switched capacitor filter based 
on the LERNER filter. The SCF9034 is a monolithic 
n-Channel, silicon-gate MOS circuit utilizing COPLAMOS® 
technology and contains both analog and digital circui- 
try. The center frequency of the bandpass is dependent on 
the external trigger frequency and can be moved over four 
decades from 10Hz to 10KHz. 

The SCF9034 is equivalent to a six-pole pair filter and 
implements a high order bandpass filter with no external 
components required. The filter features a high dynamic 
range and very low harmonic distortion. The SCF9034 pro- 


vides the very desirable combination of flat amplitude 
response, steep transition skirts and linear phase response. 
Linear phase response ensures that all frequencies are 
passed through the filter with equal time delay thereby 
reducing signal distortion. The parallel structure of the 
SCF9034 results in faster settling times than those of acas- 
caded network. 

Typical applications for the SCF9034 will be in the areas 
of Data Communications, Spectrum Analysis, Signal proc- 
essing and Audio range instrumentation. 


BLOCK DIAGRAM 


+5vD —5vD 





-—5vA 


inverting Integrator 
AGnd 
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DESCRIPTION OF PIN FUNCTIONS 








Vdda 





(5v) 

3 
Digital Supply (5v) 
| 6 (=5¥) 
Pe aoe 


Vss 
Vdd 
out —SSS*dYSC 


PIN # | NAME SYMBOL FUNCTION 
1 Analog Supply (5 Analog + 5v power supply. 
Analog Ref. (Ov Gnd of Analog power supply. This ground must be noise free for clean output. 
( 


The clock trigger is 109 times the center frequency (Fo) of the passband. Inter- 
nally this clock is divided by 2 to generate the sampling clock (Fs). 


Digital Suppiy(—sv) | Ves | Digital ~Svpowersuppy. CS 
| Vdd | Digital + 5v power supply. 
Analog — 5v power supply. 
“input |stn | Inputsignalwavetom, SS SSCSC~“~“~*~*~* 










OPERATION 


Figure 1 shows a simplified block diagram of the 
SCF9034. It only requires an external clock trigger and + 5v 
and —5v supplies. The external clock is internally divided 
by two to generate the sampling frequency, 54.5 times the 
bandpass center frequency. The sampling frequency has a 
50% duty cycle thereby eliminating the effect of varying duty 
cycle on the external clock trigger. 

The integrator portion of the SCF9034, shown in the 
simplified block diagram, uses a capacitor instead of the 
input resistor usually found in the integrator of a traditional 
active filter circuit. This capacitor is alternately switched by 
the sampling clock between the input signal and the feed- 
back capacitor. The charge transferred from Cin to Cfis a 
function of the sampling clock frequency resulting in an 
effective resistance of the input capacitor given by R= 1/ 
FsCin. The time constant of the integrator is T= Cf/CinFs 
and therefore can be varied by changing the frequency of 
the sampling clock. » 


As in all sampled data systems, signals above half the 
sampling frequency will be aliased and appear in the pass- 
band. If the signal to be filtered is higher than 27 times the 
center frequency then an external antialiasing filter will be 


‘needed. The passband of the SCF9034 is a full octave 


measured at the —6 db points with linear phase response 
(see Fig. 2 and Fig. 3). 


One set of power supplies may be used for both analog 
and digital power but they must be decoupled and have very 
low output impedance. The noise on the Ground lines must 
be minimized in order to obtain a clean output signal. 


The SCF9034 does not require external adjustable 
components, the external clock tunes the filter’s bandpass 
center frequency from 10 Hz to 10 KHz ( 4 decades ). 
Therefore the same device can be used to set up pass- 
bands with different center frequencies as shown in the typ- 
ical application of Fig. 4. 





FREQUENCY RESPONSE OF SCF9034 


+ Ode FS. 
CENTER 





=. 5 
i= eee ree 


FIG. 2-OVERALL RESPONSE 








@dB FS 
a° CENTER 


1280 | 


FIG. 3-PASSBAND RESPONSE 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ........... ccc cece ccc cence ee eee eee e eee eee cee nn eee nn eee eeeeneeeean tines 0°C to + 70°C 
Storage Temperature Range ............ ccc cece cere eee ene eee n eect eee e een e ee aeneeeenene — 55°C to + 150°C 
Lead Temperature (Soldering, 10 SCC.) ...... cece cece ccc eee e ete eee need en ee nen e eet ete e enn ees + 325°C 
Positive Voltage on any Pin, with respect to (—5V) ....... cece cece teen eee cet en ee een beeen nee ee enne nes 10.0V 
Negative Voltage on any Pin, with respect to (—5V) ...... 0... cece ce cece cence ee cee n eee nee ee seen tenn een eenees —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is astress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or 


“glitches” on their outputs when the AC power is switched on and off. In addition, voltage transients on the AC 
power line may appear on the DC output. If this possibility exists, it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (TA=0°C to 70°C, Vdd= Vdda= +5V + 5%, Vss= Vssa= —5v + 5%, Center 


frequency Fo = 1 KHz (unless otherwise noted). 
UNIT 


































Parameter COMMENTS 


D.C. CHARACTERISTICS PRE 
CLOCK INPUT Son! tice. L 
Amplitude SParamey®! 
Duty cycle 
Input capacitance 

POWER SUPPLY CURRENT 


Referenced 
to —5v 


= 
=z 
=| 
-. 
oe 
uu. 
nn 





A.C. CHARACTERISTICS 
Overall Bandpass Operating Range 
Major Passband Ripple 
Input Resistance 
Dynamic Output Resistance 
Recommended Output Load 
Capacitance 
Resistance 
Insertion Loss 
Output Voltage Swing (p-p) 
Harmonic Distortion 
Output 4Vp-p 
(recommended Odbv) 


Output 3.9V p-p 
(recommended Odbv) 


RI = 500K 
Cl=85pF 
R1= 10K 
C1 = 85pF 
















Noise level | 
Passband Noise|__;, _ uV// Hz 
Stopband et eae uV/V Hz 
Passband Noise], _ uVNV'Hz 
Stopband cet SNE uv/V Hz 
Passband Noise|__;. _ uv/V Hz 
Stopband at toe nO Ne uv/V Hz 

Clock Feed through mVrms 
(fundamental freq. = 54.5 KHz) 

DC Offset mV 

VDDA PSRR @ 2.5 KHz db 
(input VDD ripple = 500 mV p-p) 

VSSA PSRR @ 2.5 KHz db 


(input VDD ripple = 500 mV p-p) 
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TYPICAL SYSTEM CONFIGURATION 


ame Transmit filter Transmit 
igna O Signal 
Input SCF 9034 


Output 
Low band pass p 


Clock select 
‘ Clock To 


Circuitry Other 
Control Channels 


Xtal input 


Receive Receive filter Receive 
Signal SCF 9034 O Signal 


Input Output 
. High band pass ‘ 





FIG. 4-FREQUENCY CONTROLLED MULTICHANNEL FILTERING 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 


~ STANDARD MICROSYSTEMS tions; consequently complete information sufficient for construction purposes is not necessarily given. The 

CORPORATION information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 

—— assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
(516) 273-3100 + TWX-510-227-8898 


devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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7 — CRE Display 


aaa G CON TROLLERS 
cRTsO27 | 5087. 


: Ee 































provides all of the — 
CRE 5037 ‘timing and control — balanced beam interlace | "programmable 4Muz +8, +12 ase 259-266. 
CRT 6047() | for interlacedand fixed format oe AMEE +5,412 ] 40DIP | 267-268. 
ee non-interlaced ORT 










40DIP | 259-266 
415/55 +5 40 DIP. 275-298 
MHz : : 


line-lock. 






CRT 5057 ey 
; _ | Graphics Display 

- | Controlier. 
CRT@007 =| CRT video processor | sequential or row. 
"op and controler 






Part Number 
CRTQOR8G) | Complete CRT video pro- | Separate dis- | programmable TSE : : 367-588 
(9128 || | eessorandcontroller. | play memory : — Polank, 
S Display and attribute eliminates con- : 
» | control for alphanu. . tention, 
_ | meric and graphics dis- | smooth scroll, 
play. Twotypesof. ss“ fy Btatusrow. 
processor interface sig- | Ce 
“nals differentiate the & 
parts. 5 x 8 character i 
- sopersen Video Bhi ee 
| register... o 





“VDA a DISPLAY CONTROLLERS 


: Spencription | ae “Display 
Provides complete _ | ¢xildotmatrix, — 
. |} wide graphics, 
» | thin graphics, 
phanumericand | on-chipcursor _ 
graphics display. _ os ee 
Consists of 7 x11 x 128 
haracter generator, 
video shift register, 
latches, graphics and 
attributes circuits. 


xxl 128 chee generator, oe 
ao video eh a ae 


Power Supply Package : 


320. 834 Z 


bit wide serial cascadable doub aS 5 ona acter . = = ade BuO: 308 
memory forCRTorprinter : : ee i : 


Provides attributes 
and graphics control __ 
for ORT video : 

“splays 


4 Provides attributes 
and graphics | contr al 
for ¢ CRT eee ce 


“Provides attributesand | J bumeric MHz f” FS | 4 883-298 
_Braphies control for CRT. c 1. Mie | 
Video displays Full 
Fe oe 





“1 May be custom mask programmed ‘3) Also available as CRT 8002A,B,C-O01 Katakana 
‘2)For future release CRT8002A,B,C-—003 5X7 dot matrix 
VT100 is a registered trademark of Digital Equipment Corp. 257 ‘Also available as CRT7004A,B,C-003 5X7 dot matrix 
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STANDARD MICROSYSTEM 
CORPORATION ees GRT 8037 


; : [LPC FAMILY 
CRT Video Timer and Controller 
VTAC® 


FEATURES PIN CONFIGURATION 
C1) Fully Programmable Display Format 





Characters per data row (1-200) 1 
Data rows per frame (1-64) 2 
Raster scans per data row (1-16) : 
C Programmable Monitor Sync Format 5 
Raster Scans/Frame (256-1023) 6 
“Front Porch”’ 7 
Sync Width 8 
“Back Porch” 
Interlace/Non-Interlace H7/DR5 
Vertical Blanking DR4 
CO Lock Line Input (CRT 5057) DR3 
C1 Direct Outputs to CRT Monitor DR2 
Horizontal Sync DR1 
Vertical Sync ORO 
Composite Sync (CRT 5027, CRT 5037) OBA 
Blanking Oe 
Cursor coincidence Bee . 
1 Programmed via: DB4 aes 
Processor data bus 2 
External PROM PACKAGE: 40-Pin D.LP. : . 
Mask Option ROM CO Split-Screen Applications are 
(3 Standard or Non-Standard CRT Monitor Compatible Horizontal 7 
CO Refresh Rate: 60Hz, 50Hz,... Vertical “ 
O Scrolling C Interlace or Non-Interlace operation 
Single Line OC TTL Compatibility 
Multi-Line 1 BUS Oriented 
(11 Cursor Position Registers [ High Speed Operation 
OG Character Format: 5x7, 7x9,... 1 COPLAMOS* N-Channel Silicon 
(1 Programmable Vertical! Data Positioning Gate Technology 
O Balanced Beam Current Interlace (CRT 5037) (1 Compatible with CRT 8002 VDAC™ 
1 Graphics Compatible CJ Compatible with CRT 7004 


GENERAL DESCRIPTION 


The CRT Video Timer and Controller Chip (VTAC)¢ is a user programmable 40-pin COPLAMOS® nchannel MOS/LSI 
device containing the logic functions required to generate all the timing signals for the presentation and formatting of 
interlaced and non-interlaced video data on a standard or non-standard CRT monitor. 

With the exception of the dot counter, which may be clocked at a video frequency above 25 MHz and therefore not 
recommended for MOS implementation, all frame formatting, such as horizontal, vertical, and composite sync, characters 
per data row, data rows per frame, and raster scans per data row and per frameare totally user programmable. Thedatarow 
counter has been designed to facilitate scrolling. 

Programming is effected by loading seven 8 bit control registers directly offan8 bit bidirectional data bus. Fourregister 
address lines and a chip select line provide complete microprocessor compatibility for program controlled setup. The device 
can be “self loaded” via an external PROM tied on the data bus as described inthe OPERATION section. Formatting canalso 
be programmed by a single mask option. 

In addition to the seven control registers two additional registers are provided to store the cursor character and data 
row addresses for generation of the cursor video signal. The contents of these two registers can also be read out onto the 
bus for update by the program. 

Three versions of the VTAC® are available. The CRT 5027 provides non-interlaced operation with an even or odd 
number of scan lines per data row, orinterlaced operation with an even number of scan lines perdatarow. The CRT 5037 
may be programmed for an odd or even number of scan lines per data row in both interlaced and non-interlaced modes. 
Programming the CRT 5037 for an odd number of scan lines per data row eliminates character distortion caused by the 
uneven beam current normally associated with odd field/even field interlacing of alphanumeric displays. 

The CRT 5057 provides the ability to lock a CRT’s vertical refresh rate, as controlled by the VTAC’s® vertical sync 
pulse, to the 50 Hz or 60 Hz line frequency thereby eliminating the so called “swim” phenomenon. This is particularly 
well suited for European system requirements. The line frequency waveform, processed to conform to the VTAC’s® 
specified logic levels, is applied to the line lock input. The VTAC® will inhibit generation of vertical sync until a zero to 
one transition on this input is detected. The vertical sync pulse is then initiated within one scan line after this transition 
rises above the logic threshold of the VTAC.® 

To provide the pin required for the line lock input, the composite sync output is not provided in the CRT 5057. 
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Description of Pin Functions 


. Input/ 
PinNo. Symbol Name Output Function 


25-18 DBg-7 . DataBus (0 Data bus. Input bus for contro! words from microprocessor or 
PROM. Bidirectional bus for cursor address. 
3 CS Chip Select | Signals chip that it is being addressed 
39,40,1,2 Ag-3 Register | Register address bits for selecting one of seven control 
Address registers or either of the cursor address registers 
9 DS Data Strobe Strobes DBQ-7 into the appropriate register or outputs the 
cursor character address or cursor line address onto the data bus 
12 DOT Counter Carry from off chip dot counter establishing basic character 
Carry clock rate. Character clock. 
Character Character counter outputs. 
Counter Outputs 
Scan Counter Three most significant bits of the Scan Counter; row select 
Outputs inputs to character generator. 
H7/DR5 H7/DR5 Pin definition is user programmable. Output is MSB of 
Character Counter if horizontal line count (REG. @) is =128; 
otherwise output is MSB of Data Row Counter. 


Rg Scan Counter LSB Least significant bit of the scan counter. In the inter- 
3 laced mode with an even number of scans per data row, 
R6 will toggle at the field rate; for an odd number of 
scans per data row in the interlaced mode, R@ will toggle 
at the data row rate. 


Data Row Data Row counter outputs. 

Counter Outputs 

Blank Defines non active portion of horizontal and vertical scans. 

Horizontal Sync Initiates horizontal retrace. 

Vertical Sync Initiates vertical retrace. 

Composite Sync Output/ Composite sync is provided on the CRT 5027 and CRT 5037. 

Line Lock Input This output is active in non-interlaced mode only. Provides a true 
RS-170 composite sync wave form. For the CRT 5057, this pin is 
the Line Lock Input. The line frequency waveform, processed to 
conform to the VTAC's® specified logic levels, is applied to this pin. 

Cursor Video Defines cursor location in data field. 

Power Supply +5 volt Power Supply 

Power Supply +12 volt Power Supply 


DATABUSDB@7 25-18 


SYNC DELAY | SYNC WIOTH SELA CURSOR H ADDRESS 
I | - ia 
| CURSOR 
if VIDEO 


: ISTER 
— 2 Sougosrre 
oor counren 112 CHARACTER es ee 
H7 






































VERTICAL DATA SCANS/DATA ROW icy LAST DATA ROW DATA ROWS/FRAME SELRO 
START REGISTER REGISTER REGISTER REGISTER: 








+5v +12v GND 


BLOCK DIAGRAM 
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Operation 


The design philosophy employed was to allow the device to interface effectively with either a microprocessor based or 
hardwire logic system. The device is programmed by the user in one of two ways; via the processor data bus as part of the 
system initialization routine, or during power up via a PROM tied on the data bus and addressed directly by the Row Select 
outputs of the chip. (See figure 4). Seven 8 bit words are required to fully program the chip. Bit assignments for these words 
are shown in Table 1. The information contained in these seven words consists of the following: 


Horizontal Formatting: 
Characters/Data Row A 3 bit code providing 8 mask programmable character lengths from 20 to 132. 
The standard device will be masked for the following character lengths; 20, 32, 
40, 64, 72, 80, 96, and 132. 


Horizontal Sync Delay 3 bits assigned providing up to 8 character times for generation of ‘front porch”. 


Horizontal Syne Width 4 bits assigned providing up to 15 character times for generation of horizontal 
sync width. 


Horizontal Line Count 8 bits assigned providing up to 256 character times for total horizontal formatting. 


Skew Bits A 2 bit code providing from a 0 to 2 character skew (delay) between the 
horizontal address counter and the blank and sync (horizontal,vertical, composite) 
signals to allow for retiming of video data prior to generation of composite video 
signal. The Cursor Video signal is also skewed as a function of this code. 


Vertical Formatting: 
Interlaced/Non-interlaced This bit provides for data presentation with odd/even field formatting for inter- 
laced systems. It modifies the vertical timing counters as described below. 
A logic 1 establishes the interlace mode. 


Scans/Frame 8 bits assigned, defined according to the following equations: Let X = value of 8 
assigned bits. 
1) in interlaced mode—scans/frame = 2X + 513. Therefore for 525 scans, 
program X = 6 (00000110). Vertical sync will occur precisely every 262.5 scans, 
thereby producing two interlaced fields. 
Range = 513 to 1023 scans/frame, odd counts only. 
2) in non-interlaced mode—scans/frame = 2X + 256. Therefore for 262 scans, 
program X = 3 (00000011). 
Range = 256 to 766 scans/frame, even counts only. 


In either mode, vertical sync width is fixed at three horizontal scans (= 3H). 


“SECTION V 


Vertical Data Start 8 bits defining the number of raster scans from the leading edge of vertical 
sync until the start of display data. At this raster scan the data row counter is 
set to the data row address at the top of the page. 


Data Rows/Frame 6 bits assigned providing up to 64 data rows per frame. 


Last Data Row 6 bits to allow up or down scrolling via a preload defining the count of the last 
displayed data row. 


Scans/Data Row 4 bits assigned providing up to 16 scan lines per data row. 


Additional Features 


Device Initialization: 

Under microprocessor control—The device can be reset under system or program control by presenting a1@1@ address 
on A3-@. The device will remain reset at the top of the even field page until a start command is executed by presenting a1112 
address on A3-@. 


Via ‘Self Loading”—In a non-processor environment, the self loading sequence is effected by presenting and holding the 
1111 address on A3-@, and is initiated by the receipt of the strobe pulse (DS). The 1111 address should be maintained long 
enough to insure that all seven registers have been loaded (in most applications under one millisecond). The timing 
sequence will begin one line scan after the 1111 address is removed. In processor based systems, self loading is initiated by 
presenting the 111 address to the device. Self loading is terminated by presenting the start command to the device which 
also initiates the timing chain. 


Scrolling—In addition to the Register 6 storage of the last displayed data row a “scroll” command (address 1911) 
presented to the device will increment the first displayed data row count to facilitate up scrolling in certain applications. 
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Control Registers Programming Chart 


Horizontal Line Count: Total Characters/Line=N +1, N=0 to 255 (DBO =LSB) 
Characters/Data Row: DB2 DBi- DBO 
20 Active Characters/Data Row 


40 
64 
72 
80 
96 
132 
Horizontal Sync Delay: N, from 1 to 7 character times (DBO = LSB) (N=0 Disallowed) 
Horizontal Syne Width: =N, from 1 to 15 character times (DB3=LSB) (N=0 Disallowed) 
Sync/Blank Delay Cursor Delay 
Skew Bits DB7 DB6 (Character Times) 
0 #60 0 0 
1 0 1 0 
Oo 81 2 1 
1 1 2 2 
Scans/Frame 8 bits assigned, defined according to the following equations: 
Let X = value of 8 assigned bits. (DBO =LSB) 
1) in interlaced mode—scans/frame = 2X + 513. Therefore for 525 scans, 
program X = 6 (00000110). Vertical sync will occur precisely every 262.5 
scans, thereby producing two interlaced fields. 
Range = 513 to 1023 scans/frame, odd counts only. 
2) innon-interlaced mode—scans/frame = 2X + 256. Therefore for 262 
scans, program X = 3 (00000011). 
Range = 256 to 766 scans/frame, even counts only. 
In either mode, vertical sync width is fixed at three horizontal scans (=3H). 
Vertical Data Start: N = number of raster lines delay after leading edge of vertical sync of 
vertical start position. (DBO =LSB) 
Data Rows/Frame: Number of data rows = N+1,N=0to 63 (DBO =LSB) 
Last Data Row: N = Address of last dsplayed data row, N = 0 to 63, ie; for 24 data rows, 
program N = 23. (DBO=LSB) 
Mode: Register, 1, DB7=1 establishes Interlace. 
Scans/Data Row: Interlace Mode 
CRT 5027: Scans per Data Row = N+1 where N = programmed number of 
scans/data rows. N = 0 to 15. Scans per data row must be even counts only. 
CRT 5037, CRT 5057: Scans per data Row = N +2.N = Oto 14, odd or even 
counts. 


iit ttn a 


Il “—==—3 4 4 OOOO 


Non-Interlace Mode 


CRT 5027, CRT 5037, CRT 5057: Scans per Data Row = N + 1, oddor 
even count. N = 0to 15. 


Ag Ai Az Aa CS 


SMC 
CRT 5027, CRT 5037 
or CRT 5057 
VTAC® 


Figure 4. 


SELF LOADING SCHEME 
32 x 8PROM FOR VTAC® SET-UP 


HARRIS HM-7602 
OR EQUIVALENT 


SLOAD cs 
(from system) 


ROW SELECTS 
TO CHARACTER GENERATOR 
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Register Selects/Command Codes 


A3 A2 Al AG Select/Command Description 


Load Control Register @ 

Load Control Register 1 

Load Control Register 2 

Load Control Register 3 See Table 1 

Load Control Register 4 

Load Control Register 5 

Load Control Register 6 

Processor Initiated Self Load Command from processor instructing 
VTAC® to enter Self Load Mode (via ex- 
ternal PROM) 


oooococceoc°o 


Read Cursor Line Address 

Read Cursor Character Address 

Reset Resets timing chain to top left of page. Reset 
is latched on chip by DS and counters are 
held until released by start command. 

Up Scroll Increments address of first displayed data 
row on page. ie; prior to receipt of scroll 
command—top line = 0, bottom line = 23. 
After receipt of Scroll Command—top line = 
1, bottom line = 0. 


Load Cursor Character Address* 

Load Cursor Line Address” 

Start Timing Chain Receipt of this command after a Reset or 
Processor Self Load command will release 
the timing chain approximately one scan line 
later. In applications requiring synchronous 
operation of more than one CRT 5027 the 
dot counter carry should be held low during 
the DS for this command. 

Non-Processor Self Load Device_will begin self load via PROM 
when DS goes low. The 1111 command 
should be maintained on A3-@ long 
enough to guarantee self load. (Scan 
counter should cycle through at least 
once). Self load is automatically termi- 
nated and timing chain initiated when the 
all ‘‘1’s” condition is removed, indepen- 
‘dent of DS. For synchronous operation 
of more than one VTAC®, the Dot Counter 
Carry should be held low when the com- 
mand is removed. 


> 

=z 
a 
aS 
iw OLD. 
1A 





*NOTE: During Self-Load, the Cursor Character Address Register (REG 7) and the Cursor Row Address 
Register (REG 8) are enabled during states $111 and 1900 of the R3-R@ Scan Counter outputs respectively. 
Therefore, Cursor data in the PROM should be stored at these addresses. 





TABLE 1 


BIT ASSIGNMENT CHART 
HORIZONTAL LINE COUNT SKEWBITS DATA ROWS/FRAME LAST DISPLAYED DATA ROW 


ressl7/ | { | TT [a] s2[z{eis{ [| | [ fa} wee(_] [s] | | Tf tal 


MODE: INTERLACED/ HSYNCWIDTH HSYNC DELAY SCAN LINES/FRAME CURSOR CHARACTER ADDRESS 


NONINTERLACED ,~——Lb | at 
res'17] 6] [| [3l2t ja} rece(7] | [TT TT ta) or[7] TT TTT Tal 


SCANS/DATA ROW CHARACTERS/DATA ROW VERTICAL DATA START CURSOR ROW ADDRESS 


(ToT T TsEl Ts CCETCO 
“PRE LDC) «(CET 
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AC TIMING DIAGRAMS 


FIGURE 1 VIDEO TIMING 


Hg-7 

H SYNC. V SYNC. BLANK. 
CURSOR VIDEO. 
COMPOSITE SYNC 


FIGURE 2 LOAD:READ TIMING 


Tset.ues 


AODRESS, 
CHIP SELECT 


sien TE. 


Toer2 


Broan’ YM, 4 Yn 





PW os —m 


FIGURE 3 SCAN AND DATA ROW COUNTER TIMING 


*R@-3 and DR@-5 may change prior to the falling edge of Hsync 


CRT 5057 LINE LOCK 


LINE LOCK IN 
(60 HZ, 50 HZ) 


CRT 5057 LOGIC 
THRESHOLD 
P e———-1/F LINE LOCK» 


f= /5 LINE LOCK + 1 ma 


VERTICAL SYNC 
OUT 


SAMPLES LINE 
OCK IN 


Note: To ensure 


oaic d 
THRESHOLD | a stable display when 


using the line lock 
Sea gS 3 it sn mode, the CRT 5057 
OUT F should be used with DC 


; AM — 
PROGRAM: SCANS/FRAME TO BE GREATER THAN 7 = coupled monitors only. 
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MAXIMUM GUARANTEED RATINGS 


Operating Temperature Range .... 6... cc cnt e tren eee t eect nee eees o°c to + 70°C 
Storage Temperature Range ......... 0. cc enter beeen teen ees —55°C to +150°C 
Lead Temperature (soldering, 10SEC.) 26.1 eee nnn need nnn n eee tee eee +325°C 
Positive Voltage on any Pin, with respect to ground ......... 0. ett tee eens +18.0V 
Negative Voltage on any Pin, with respect to ground ........ 0. cece etn tent e ene es —0.3V 


“Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or “glitches” on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. For example, the 
bench power supply programmed to deliver + 12 volts may have large voltage transients when the 
AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vec= +5V+5%, Voo= + 12V+5%, unless otherwise noted) 





Parameter Min. Typ. Max. Unit Comments 
D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 
Low Level, Vit 0.8 V 
High Level, Vin Vec-1.5 Vcc Vv 
OUTPUT VOLTAGE LEVELS 
Low Level—Vox for R@-3 0.4 V lo. =3.2ma 
Low Level—Vo all others 0.4 V lo.=1.6ma 
High Level—Vou for R@-3, DBQ-7 2.4 loH=80yua 
High Level—Vou all others 2.4 lon=40ya 
INPUT CURRENT 
Low Level, li. (Address, CS only) 250 pA Vin=0.4V 
Leakage, li. (All Inputs except Address, CS) 10 pA OSVin<Vcc 
INPUT CAPACITANCE 
Data Bus, Cin 10 15 pF 
DS, Clock, Cin 25 40 pF 
All other, Cin 10 15 pF 
DATA BUS LEAKAGE in INPUT MODE 
Ips 10 pA 0.4V =V = 5.25V 
POWER SUPPLY CURRENT 
Icc 80 100 mA 
lop 40 70 mA 
A.C. CHARACTERISTICS Ta= 25°C 
DOT COUNTER CARRY 
frequency 0.5 4.0 MHz Figure 1 
PW 35 ns Figure 1 
PW 215 ns Figure 1 
tr, te 10 50 ns Figure 1 
DATA STROBE 
PWo5s 150ns 10us Figure 2 
ADDRESS, CHIP SELECT 
Set-up time 125 ns Figure 2 
Hold time 50 ns Figure 2 
DATA BUS—LOADING 
Set-up time 125 ns Figure 2 
Hold time 75 ns Figure 2 
DATA BUS—READING 
Toet2 125 ns Figure 2, CL=50pF 
TbEL4 5 60 ns Figure 2, CL=50pF 
OUTPUTS: H@-7, HS, VS, BL, CRV, 
CS-Toev: 125 ns Figure 1, CL=20pF 
OUTPUTS: R@-3, DRZ-5 
TDEL3 * 750 ns Figure 3, CL=20pF 


*R@-3 and DR@-5 may change prior to the falling edge of H sync 


Restrictions 
1. Only one pin is available for strobing data into the device via the data bus. The cursor X and Y coordinates are therefore 
loaded into the chip by presenting one set of addresses and outputed by presenting a different set of addresses. Therefore 


the standard WRITE and READ control signals from most microprocessors must be “NORed” externally to present a single 
strobe (DS) signal to the device. 

2. Ininterlaced mode the total number of character slots assigned to the horizontal scan must be even to insure that vertical 
sync occurs precisely between horizontal sync pulses. 
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General Timing 


HORIZONTAL TIMING 
a START OF LINEN START OF LINE N+1 


ACTIVE VIDEO= 
CHARACTERS PER DATA LINE 


HORIZONTAL SYNC DELAY 
(FRONT PORCH) 


HORIZONTAL SYNC WIDTH 
HORIZONTAL LINE COUNT=H 


VERTICAL TIMING 
START OF FRAME M OR ODD FIELD START OF FRAME M+1 OR EVEN FIELD 


ph sean LINES PER FRAME a» 


ACTIVE VIDEO= | _______ J a 
VERTICAL ea DATA ROWS PER FRAME VERTICAL SYNC 
=3H 


START 





Composite Sync Timing 


COMPOSITE 
SYNC 
Vo 


Vertical Sync Timing 
FRAME M + _§_— rrr M+) 


SCAN COUNTER IS HELD 
5 DATA Hie RESET DURING V Seiad | 


SCANS Row 1) f3] [5) 7] fl mM) tk | 
COUNTER~RO 


N=9 0 2 4 6 8 0 ia 4 6 8 0 


DATA ROW COUNTER 


MAINTAINS LAST COUNT 

DURING V BLANK 
DATA ROW oe 
COUNTER-ORO 23 23m | 23 


N=23 22 6 
poe DATA START SCAN = REGS) 


BLANK | | | | | | BLANK | | | 
VERTICAL 3H 
SYNC a 


EXAMPLE BASED ON Non-interlaced (Reg 1. Bit 7 = 0). 24 data rows, 10 scans/ data row 


Start-up, CRT 5027 


When employing microprocessor controlled loading of the CRT 5027’s registers, the following se- 
quence of instructions is necessary: 


ADDRESS COMMAND 


Ts Abe <4 Start Timing Chain 
1 OO 1 Reset 
0 0 0 Load Register 0 





0 1 14 =«90 Load Register 6 
1 #1 #41. «0 Start Timing Chain 


The sequence of START RESET LOAD START is necessary to insure proper initialization of the 
registers. 


This sequence is not required if register loading is via either of the Self Load modes. This sequence 
is optional with the CRT 5037 or CRT 5057. 





STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
CORPORATION information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
——————— assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
eae Be tamer vee devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 

at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
—————— 





CRT 5047 


[APC FAMILY 


Preprogrammed CRT Video Timer and Controller 
VTAC® 


FEATURES 


im) Preprogrammed (Mask-Programmed) Display Format 


80 Characters Per Data Row 
24 Data Rows Per Frame 
9 Scan Lines Per Data Row 


L] Preprogrammed Monitor Sync Format 
262 Scan Lines Per Frame 
6 Character Times for Horizontal Front Porch 
8 Character Times for Horizontal Sync Width 
6 Character Times for Horizontal Back Porch 
16 Scan Lines for Vertical Front Porch 
3 Scan Lines for Vertical Syne Width 
27 Scan Lines for Vertical Back Porch 
Non-Interlace 
15.720KHz Horizontal Scan Rate 
60Hz Frame Refresh Rate 


(] Fixed Character Rate 


1.572MHz Character Rate (636.13ns/Character) 


11.004MHz Dot Rate (90.88ns/Dot) for 7 Dot 
Wide Character Block 


CL] Character Format 
5 X 7 Character in a 7 X 9 Block 


[] Compatible with CRT 8002B-003 VDAC™ 
[J Compatible with CRT 7004B-003 


PIN CONFIGURATION 


1 
2 
3 
4 
i} 
6 
7 
8 


PACKAGE: 40-pin D.I.P. 





CL] May be mask-programmed with other display formats 


GENERAL DESCRIPTION 


The two chip combination of SMC’s CRT 5047 and 
CRT 8002B-003 effectively provide all of the video elec- 
tronics for a CRT terminal. This chip set along with a 
uC form the basis for a minimum chip count CRT 
terminal. 


The CRT 5047 Video Timer and Controller is a special 
version of the CRT 5037 VTAC® which has been ROM- 
programmed with a fixed format. It is especially effective 
for low-cost CRT terminals using an 80 X 24 display 
format with a 5 X 7 character matrix. The use of a fixed 
ROM program in the CRT 5047 eliminates the software 
overhead normally required to specify the display 
parameters and simplifies terminal software design. 


The Cursor Character Address Register and the Cursor 
Row Address Register are the only two registers acces- 


sible by the processor. The CRT 5047 is easily initialized 
by the following sequence of commands: 


Reset Load Control Register6 Start Timing Chain 


_ The parameters of the CRT 5047 have been selected to 
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be compatible with most CRT monitors. The horizontal 
timing is programmed so that when the two character 
skew delay of the CRT 8002 VDAC™ is taken into account, 
the effective timing is: Horizontal Front Porch —four 
characters, and Horizontal Back Porch—eight characters. 


Figure 1 shows the contents of the internal CRT 5047 
registers. Other mask-programmed versions of the CRT 
5037 are available. Consult SMC for more information. 


> 
4 
= 
= 
oO 
ws 
” 





VTAC® WORK 


1. H CHARACTER MATRIX (No. of Dots): . ee 
2. V CHARACTER MATRIX 
(No. of Horiz. Scan Lines): ............ eae |) 
3. H CHARACTER BLOCK (Step 1 + 7 
Desired Horiz. Spacing = No. in Dots): .._-___ 13. 
4. V CHARACTER BLOCK (Step 2 + 
Desired Vertical Spacing = No. in 9 14. 
Horiz. Scan Lines): .......... cece ee eens se 
5. VERTICAL FRAME (REFRESH) RATE 15. 
(POG: IN AZ) S sensors bewet eed bend ais ones _ 60 
6. DESIRED NO. OF DATA ROWS: ........ 24 16. 
7. TOTAL NO. OF ACTIVE “VIDEO 
DISPLAY” SCAN LINES (Step 4 x 216 17. 
Step 6 = No. in Horiz. Scan Lines): ..... seer: 
8. VERT. SYNC DELAY (No. in Horiz. 16 
SCdn -LINGS) +: acs sateen oie coud whee ce ee ak ao 18. 
9. VERT. SYNC (No. in Horiz. Scan Lines; 
T1008 fis )ie iw aercanetneunererccees eae |} 
10. VERT. SCAN DELAY Ne: in Horiz. 907 
Scan Lines; T=1.718 ms*): ............ ets 


ADDRESS 


REG. # A3 AO FUNCTION 


0 0000 HORIZ. LINE oo 


1 0001 INTERLACE 
H SYNC oa 8 
H SYNC DELAY __6 __ 


SCANS/DATA ROW __9 
CHARACTERS/ROW __80 


SKEW CHARACTERS __9,0 
DATA ROWS 


SCANS/FRAME __262 __ 
X= 3 


VERTICAL DATA START 


= 3+ VERTICAL SCAN DELAY: 


SCAN DELAY __27__ 
DATA START __30__ 


LAST DISPLAYED DATA ROW 
(= DATA ROWS) 


6* 0110 


*Vertical Interval 


SHEET » 

TOTAL VERTICAL FRAME (Add steps 

7 thru 10 = No. in Horiz. Scan Lines): 262, 
HORIZONTAL SCAN LINE RATE 45.720 
(Step 5 x Step 11 = Freq. in KHz): ...... ides ds 
DESIRED NO. OF CHARACTERS 

PER HORIZ. ROW: ........00e0eeee sees _80_ 
HORIZ. SYNC DELAY ee in Character 

Time Units; T =3.817 ys**): ........... _6 
HORIZ. SYNC (No. in Chace Time 

Units; T = 5.090 ys**): oo... cece cece ees ON 
HORIZ. SCAN DELAY (No. in Character 

Time Units; T = 3-817 ys**): ........... , 6. 
TOTAL CHARACTER TIME UNITS IN (1) 
HORIZ. SCAN LINE (Add Steps 13 

CPU AG) Shia Grades Acsaat-a ea tere tie deleus, © Sie 858 _100_ 
CHARACTER RATE (Step 12 x Step 17 

=.Freq: in MHZ): w.ctacvdiecdvecdeses aus 1.572 
CLOCK (DOT) RATE (Step 3 x Step 18 41.004 


= Freq. in MHz): 


**Horizontal Interval 


BIT ASSIGNMENT 


}O}1{1}/0/0jo0|1/1] 63 99 


Oijojojo}si1jo} a6_ 
[x] sJofofo[+fo[1] 45_ 
ofojojrajolajijs] a7_ 
jofojojojojoj1j1] os 


0; 0/0} 4} 1] 14} 1]0| 
ESE ee ee 


“Register 6 has an initialization option. It is loaded with the data containedin Register by a“Load Register6” command. 


The “Up Scroll” command can be used to effect scrolling operations. 


Figure 1: CRT 5047 Mask Programmed Registers 





Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS CRT 7004. 
SS [LPC FAMILY 






Dot Matrix Character Generator 


128 Characters of 7 x 11 Bits 


FEATURES 


C1] Onchip character generator (mask programmable) 


128 Characters 
7x 11 Dot matrix block PIN CONFIGURATION 


C] Onchip video shift register 
Maximum shift register frequency 
CRT 7004A 20MHz 
CRT 7004B 15MHz 
CRT 7004C 10MHz 
Accesstime  400ns 


C1 No descender circuitry required 

1 Onchip cursor 

C1 On chip character address buffer 

CI On chip line address buffer 

C Single +5 volt power supply 

[| TTL compatible 

— MOS N-channel silicon-gate COPLAMOS® process 
C1 CLASP® technology —ROM 

—) Compatible with CRT 5027 VTAC® PACKAGE: 24-Pin D.I.P. 
[1] Enhanced version of CG5004L-1 


1 
2 
3 
4 
5 
6 
7 
8 


> 
“z 
7 
— 
=) 
"Lad 
n” 





f 
4 
I 
i 





GENERAL DESCRIPTION FUNCTIONAL BLOCK DIAGRAM 
SMC’s CRT 7004 is a high speed charac- 

ter generator with a high speed video 

shift register designed to display 128 Line Address 
characters in a7 x11 dot matrix. The Line Strobe 

CRT 7004 is an enhanced, pin for pin 

compatible, version of SMC’s CG5004L-1. 
Itis fabricated using SMC’s patented ig 
COPLAMOS® and CLASP® technologies Desodey 

and employs depletion mode loads, Address 

allowing operation from a single +5v alge aie 


supply. This process permits reduction of 
turn-around time for ROM patterns. 

The CRT 7004 is a companion chip to near 
SMC’s CRT 5027 VTAC®. Together these Address 
two chips comprise the circuitry required | Lower Case 
for the display portion of a CRT video Inhibit 


o 
QU 
° 
Oo 
o 


terminal. Cursor : 
Parallel 
Enable : ig! 


Shift Register Output 


Preset 


Clear 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ............... cece cee eens aia bhaeatadka ahs 0°C to + 70°C 
Storage Temperature:Range-s sss. 2en asks i ea teed fee etna ia hats ES ad eens ie —55°C to + 150°C 
Lead Temperature (Soldering, 10SEC.) .. eee nen ene e etna +325°C 
Positive Voltage on any Pin, with respect to ground 1.0... ee cnet etre ete +8.0V . 
Negative Voltage on any Pin, with respectto ground .. 0... cc ce ee eee eee e eens -0.3V . 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or “glitches” on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= +5V+5%, unless otherwise noted) 


Parameter | Min. | Typ. | Max. | Unit | Comments 


D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 


Low-level, Vir 0.8 Vv excluding VDC 
High-level, Vj, 2.0 V excluding VDC 
INPUT VOLTAGE LEVELS-CLOCK 
Low-level, Vi, 0.8 V 
High-level, Vi4 4.3 V See AC Timing Diagram 
OUTPUT VOLTAGE LEVELS 
Low-level, Vo. 0.4 V lo, = 0.4 mA, 74LSXX load 
High-level, Von 2.4 V lon = = 
INPUT CURRENT 
Leakage, I, 100 pA Vin = O, LS, AS, A1-A7, Cursor LCI 


10 pA O=Vin=Vee, All others 
INPUT CAPACITANCE 


Data 10 pF @ 1 MHz 

PE 20 pF @ 1MHz 

CLOCK 25 pF | @1MHz 
POWER SUPPLY CURRENT 

lec 100 mA 







CRT 7004A CRT 7004B CRT 7004C 






SYMBOL PARAMETER 


aT 
[wos | Waco etGioerFeaueney | 10 [20 _| 
[Pim | WoC—Hightime +f ss] 
PP | voo=tewtine [as | 
nce 
os 
ee 


UNITS 


= 
cal 
= 


vam — 
fon) 


°o 


| terAS | Adaress srobetoPEnigh | 400 
[tots [ UnestrobetoPehioh [10 
[tats | Rsetatine 
[a Pesetuptine 
| t = | PEholdtime = PE hold time | PEholdtime = | 15 
[ASen | Address strobe pulse wieth [50 
see arenes el. 


| MAX. | MIN. | 
eae oa 
ec 
a ae Ee 
| | 800 
aa es 
Ee ae ae 
A Lee 
Fam (SR Se 
a ee 
eee ea 
ye ee 
a eee 
| trawtran | Outputpropagation delay | | ee ee 





ees 
eases 
oan 
aa 
ei 
ae 
ze 
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DESCRIPTION OF PIN FUNCTIONS 


PIN NO. SYMBOL NAME FUNCTION 
1 | NC | NoConnection | 


NC 

so Serial Output The output of the dynamic shift register is clocked out 
on this pin. The serial input to this shift register is 
internally grounded; thus zeros are shifted in while 
data is shifted out. 


3 Power Supply +5 volt supply 
3 


4 L Line Strobe A positive pulse on this input enters data from the L1, 
L2, L4, L8 lines into the line address holding register. 
The LS input may be left open, in which case it is pulled 
up to Vec by an internal resistor. Data on the L1 toL8 
inputs is then entered directly into the register without 
any latching action. 


5 PRST Preset A high level on this input forces the last stage of the 
shift register and the serial output to a logic high. 

6,8,9,10 Line Address A binary number N, on these four inputs address the Nth 
line of the character font for N=1—11. If lines 0, 12, 13, 
14 or 15 are addressed, the parallel inputs to the shift 
register are all forced low. 
7 CLR Clear A high level on this input forces the last stage of the shift 
register and the serial output to a logic fow and will be 
latched (for a character time) by PE. Clear overrides 









preset. 
11-17 A1-A7 Character Address The seven-bit word on these inputs is decoded internally 
to address one of the 128 available characters. 
18 Lower Case Inhibit A high level on this input transforms the address of a 


lower case character into that of the equivalent upper 
case character. This is internally achieved by forcing 
A6 low whenever A7 and LCl are high. 


19 Address Strobe A positive pulse on this input enters data from the A1-A7, 
LCI and CUR inputs into the holding register. The AS 
input may be left open, in which case it is pulled up to 
Vec by an internal resistor. The data on the A1-A7, LCl 
and CUR inputs is then entered directly into the register 
without any latching action. 

20 CUR Cursor* A high level on this input causes the cursor pattern to be 
superimposed on the pattern of the character addressed, 
i.e., the two patterns are OR-ed to generate the parallel 
inputs to the shift register. The standard cursor is 
presented as a double underscore on rows 10 and 11. 





> 
4 
=) 
= 
© 
w 
a 











21 Frequency at which video (SO) is shifted. 

22 

23 A Parallel Enable A high level on this input loads the word at the output of 
the ROM into the shift register. The PE input must then 
be brought low again to allow the shift register to clock 
out this word. 

24 | GND {[ Ground TS Grround 


A1-A7, CUR, 
LC! 


tser-ur 


SO (Video) 


troo 


AC TIMING DIAGRAM 
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aoogooc0 


TO CRT MONITOR 


oogogoo00n0 
QasqcocooDo0G ooo00o0000) ag 


Qoosoco000d0 j Gooo00u00D000 
OOso00000c00 | coomssseEsoD 
08000000000 | OOBoccoco0a 
Hetetat Telstar Tete} @#o00gcg000000 | cOs#o0000000 
gcoscecoso0 Qgsqoooo000da 
Qosooo00000 
Oooso0005000 


Boecosegnad 


Osoe@eocso 


SYNC 


CURSOR FLAG 


BLANKING 


VERT. SYNC 
OUTPUT 


COMPOSITE 
BLANKING 


HORIZ 


mpoooosooo000 goodoon0000a goaoougo0000 
Omsoooos0000 soococo00#8nDo ooooDooonoL 
Oosqooo808R Oese0oog0o0#8oocnD gooo0000ng000 
Ooscocoscoca eSuganees0o 
oooso@8xc0000 ooooo000000 
oo000#8000000 | G1 oooo0occadd 
ooooae0oc000 oocooo00n00 


ogooo0000000 Dooo0o00000 | co000002000 |ouo00Gg000000 
Doaggo000000 | OO0G0000000 | csoougoo00000 
geoaooo00 oo oOs@oogoo0a8n0 


4 

RASTER 
SCAN 
COUNTER 


ooocog0o0n0 
aooogoo00000 


oo0000000000 /oos00000800 
ooood00C0000C jo0#socc0oB8 DD 
S08s8eueesed |OCB80Ba80008O0 
gBwocoscoosco oo00c0000ce | O0scos00e8dO 
scoosdo0s8cD Qoooo0DD0GSs 
ooos000RgCO |o: QooooDdG000 
wpoooscooaco ooogon0o000 


oooo00000000 ocooocogn2000 ooo0000G0n0 
Qagecegoaad peconaacced 


CRT 5027 VTAC 
CRT 7004 VDAC 
uP CONFIGURATION 


ooo0cco0 


VIDEO DOT 
TIMING 
FROM 
DOT COUNTER 
OR 
CHARACTER 
CLOCK 


ADDRESS BUS 4 
DATA STROBE 
8 CHARACTER COLUMN 
6 CHARACTER ROW 


x 
Oo 
° 
- 
Oo 
a 
Ww 
= 
2) 
< 
a 
< 
x 
oO 


CHARACTER 
ADDRESS 


-DIRECTIONAL DATA BUS 
BUS 
ADDRESS 
“OR 1 PORT RAM 
WITH BI-DIRECT 


MEMORY 
MAPPING 
CIRCUIT 
(IF REQUIRED) 
PORT RAM 
1Kx8 TO 4Kx8 
FRAME 
BUFFER 


Oosssssooco Oceseesco 
oagooggsoco Osococus 
aooo0ggG 


BI 
SELECTOR 
WITH 
OPTIONAL 


CHARACTER 


*2 


oo 
gooooo0u0Gg00 
gecoogggoo0noD Ooocoo00G0nD 
@qooogoo00000 Qoooo0o000000 


Oogono000000 

gogecogsgoo 

oo@8cooo! 

oo#so0000 

agosoooo 

BoosoGomo05 fatatett-tetettatetal 
ooo000co0000 


oocacoooso0o oooo0000000 ooog00cn0cn00 
oocgoo00#8oo ooo00ccg00g QOscogao000g0 
oO is} fatal OOs00000000 
oo@oo00000cga 


Fefetateteteteret tote 


joo0000cg000 ooooococcono] Cougooo000no 

000000000 oo000000000}| cog0cGg00000 

joogoeceso ooocoocDRoO 

fe[sle]ufatalslels} weeeeeeescO Tete tatel Teter tate 

oo0o000000 OQmsoo00cos800 | so00@scd00000 fetetetetetstet tate oOscoso0s800 
mocooooo0n0 QO0000000C0 | O800s000000} Os8000008000 | COso00s0ea D0 
esunsesencco booo0000000 aogosocoso000 


Oooooonteoo 
goococgg00do 
Gomsoao0g000 
oeccogoo000 
gsococoooncsa 
coooDdo000go 
ooooeneco0o 


TO pP 


V SYNC 
(FROM 5027) 
co 


ADDRESS BUS 
INTERRUPT 


ee ape | 
CONTROL BUS 


DATA BUS 
(TO UPDATE 
DATA IN RAM) 





VIDEO DOT 
CLOCK 


ae Se ateecaseiaaennesieaie sa 
jg | @OO00sDO;/ G0000GN | OOoB80C0 fo! 


C6...CO 


RAM & ROM 
(FOR uP) 


MICRO- 
PROCESSOR 





fe 


*CONSULT FACTORY FOR CUSTOM FONT AND CURSOR OPTION. 
2 


12 3 4 § 6 7 1/8 2/1 


cur ici L.2*_ DLL DCL LLL _ LLL CLLLLLX._> 


PRESET aes Pees be 


oor See ese ees 


SO VIDEO 
8 DOT FIELD 


BF = Back Fill 


> 

Zs 

2: 
We 
=) 
, 
2? 


CLK (to chip) 


PE (to chip) 


LOAD/ SHIFT exrernat 


NOTE 
The differences between the CRT 7004 and CG5004L-1 are detailed below: 


CG5004L-1 CRT 7004 

. If both the Preset and Clear inputs are . Clear overrides Preset, no output disable is 
brought high simultaneously the Serial possible. 
Output is disabled and may be wire-ORed. 

. All Inputs Vin = Vee — 1.5v . All inputs (except CLK) Vin = 2.0v, min. 

CLK Viyq = 4.3v, min. 

. SO Vor = 0.4v @ Io. = 0.2MA - SO Vor = 0.4v @ lo. = 0.4mMA 74LSXX load 

. Shift Register is static . Shift Register is dynamic 

. Clear—directly forces the output low; when . Clear directly forces the output low and will 
released, the output is determined by the be latched (for a character time) by PE. 
state of the shift register output. 

. General Timing Differences— See Timing . General Timing Differences— See Timing 
Diagram Diagram 
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STANDARD MICROSYSTEMS 


CORPORATION 


CRT 7004-003 


(5 X 7 ASCIl) 
CODING INFORMATION 


Dot Matrix Character Generator 


odoooco00000 
gooco0000ceD 
soo@coooos0p 
Qso0o08000000 
dosdoscc000 
OscOmoo00ca 
so00@0000000 


Dooggoo00000 


odoooocoo00g 
Oooo0g0000c0 
ooosoo00D00 


odog0c000000 
gggooo0n0g500 
gooo#oo0o0000 


oooatoooD00 
dococo00ngo 
oo0000#80000 


goooovcndD0D 
ogooo00c00n000 
doogo000g00 
weaaseecooo 


pagogagansa 


oooo0coo00G0 
ooooo0o000R 
Oooo0os800000 
Oaooe8cco00o 
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Ooooo000000 
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ted as a double underscore on Rows 8 and 9. 


003 | 


The Cursor for the CRT 7004 


is presen 
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STANDARD MICROSYSTEMS 
——_—— 


CRT 7220 
CRT 7220-1 
CRT 7220-2 


Graphics Display Coniroller 


FEATURES 
LJ Microprocesser Interface 
DMA transfers with 8257- or 8237-type controllers 
FIFO Command Buffering 
C) Display Memory Interface 
Up to 256K words of 16 bits 
Read-Modify-Write (RMW) Display Memory cycles in 
under 800ns 
Dynamic RAM refresh cycles for nonaccessed memory 
1 Light Pen Input 
(_] External video synchronization mode 
C1) Graphics Mode 
Four megabit, bit-mapped display memory 
C] Character Mode 
8K character code and attributes display memory 
C Mixed Graphics and Character Mode 
64K if all characters 
1 megapixel if all graphics 
( Graphics Capabilities 
Figure drawing of lines, arc/circles, rectangles, and 
graphics characters in 800ns per pixel 
Display 1024-by-1024 pixels with 4 planes of color 
or grayscale 
Two independently scrollable areas 
() Character Capabilities 
Auto cursor advance 
Four independently scrollable areas 
Programmable cursor height 
Characters per row: up to 256 
Character rows per screen: up to 100 


PIN CONFIGURATION 


2xWCLK 
DBIN 
HSYNC 
V/EXT SYNC 


ALE 
DRQ 


PACKAGE: 40-pin D.I.-P. 





LJ Video Display Format 
Zoom magnification factors of 1 to 16: 
Panning 
Command-settable video raster parameters 
C Technology 
CL Single +5 volt Power Supply 
L] COPLAMOS® n-Channel Silicon Gate Technology 
(1 DMA Capability 
Bytes or word transfers 
4 clock periods per byte transferred 


GENERAL DESCRIPTION 


The CRT 7220 Graphics Display Controller (GDC) is an 
intelligent microprocessor peripheral designed to be the 


heart of a high-performance raster-scan computer graph-’ 


ics and character display system. Positioned between the 
video display memory and the microprocessor bus, the GDC 
performs the tasks needed to generate the raster display 
and manage the display memory. Processor software over- 
head is minimized by the GDC’s sophisticated instruction 
set, graphics figure drawing, and DMA transfer capabilities. 
The display memory supported by the GDC can be config- 
ured in any number of formats and sizes up to 256K 16-bit 
words. The display can be zoomed and panned, while par- 
titioned screen areas can be independently scrolled. With 
its light pen input and multiple controller capability, the GDC 
is ideal for advanced computer graphics applications. 


The GDC is designed to work with a general purpose micro- 
processor to implement a high-performance computer 
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graphics system. Through the division of labor established 
by the GDC’s design, each of the system components is 
used to the maximum extent through a six-level hierarchy 
of simultaneous tasks. At the lowest level, the GDC gen- 
erates the basic video raster timing, including sync and 
blanking signals. Partitioned areas on the screen and 
zooming are also accomplished at this level. At the next level, 
video display memory is modified during the figure draw- 
ing operations and data moves. Third, display memory 
addresses are calculated pixel by pixel as drawing pro- 
gresses. Outside the GDC at the next level, preliminary cal- 
culations are done to prepare drawing parameters. At the 
fifth level, the picture must be represented as a list of graph- 
ics figures drawable by the GDC. Finally, this representa- 
tion must be manipulated, stored, and communicated. By 
handling the first three levels, the GDC takes care of the 
high-speed and repetitive tasks required to implement a 
graphics system. 





Microprocessor 
Interface 
with 
Status Reg. 
DATA READ Reg. 


Command 
Processor 
with 
Control ROM 
128 x14 


Parameter 
RAM 


16x8 


+5V0O—» 
GNDo——e 
2x WCLKO——> 


DESCRIPTION OF PIN FUNCTIONS 


| _ PINNO. | SYMBOL IN/OUT 
IN 


2XWCLK 
DBIN 
HSYNC 
V/EXTSYNC 
BLANK 
ALE (RAS) OUT 
DRQ OUT 
DACK IN 
RD IN 
WR IN 
AO IN 
IN/OUT 


IN/OUT 
OUT 


On oO ah WD — 


DBO-DB7 
GND _ 
LPEN IN 


ADO-AD12 
AD13-AD15 


IN/OUT 
IN/OUT 


A16 OUT 


A17 


276 


Video Sync 
Generator 


Memory 
Timing 
Generator 


Zoom & Pan 
Controller 


Drawing 
Controller 


Display 
Memory 
Controller 
with 
Refresh Counter 
Line Counter 
RMW Data Path 


Light Pen 
=| Deglitch and 
Register 
Logic 


OCOD 4-9 © P>pzumaz— 


(73) AD-0 to 12 





FUNCTION ' 
Clock Input 
Display Memory Read Input Flag 
Horizontal Video Sync Output 
Vertical Video Sync Output or External VSYNC Input 
CRT Blanking Output 
Address Latch Enable Output 
DMA Request Output 
DMA Acknowledge Input 
Read Strobe Input for Microprocessor Interface 
Write Strobe Input for Microprocessor Interface 
Address Select Input for Microprocessor Interface 
Bidirectional data bus 
Ground 
Light Pen Detect Input 
Address and Data Lines to Display Memory 


Character Mode: Line Counter Outputs, Bits 0-2 

Mixed Mode: Address and Data Bits 13-15 

Graphics Mode: Address and Data Bits 13-15 

Character Mode: Line Counter Output, Bit 3 

Mixed Mode: Attribute Blink and Clear Line Counter Output 
Graphics Mode: Address Bit 16 Output 

Character Mode: Cursor Output and Line Counter Bit 4 
Mixed Mode: Cursor and Bit Map Area Flag Output 
Graphics Mode: Address Bit 17 Output 


+5 Volt Power Supply 





FUNCTIONAL DESCRIPTION 


Microprocessor Bus Interface 


Control of the GDC by the system microprocessor is 
achieved through an 8-bit bidirectional interface. The sta- 
tus register is readable at any time. Access to the FIFO buffer 
is coordinated through flags in the status register and oper- 
ates independently of the various internal GDC operations, 
due to the separate data bus connecting the interface and 
the FIFO buffer. 


Command Processor 


The contents of the FIFO are interpreted by the command 
processor. The command bytes are decoded, and the 
succeeding parameters are distributed to their proper 
destinations within the GDC. The command processor 
yields to the bus interface when both access the FIFO 
simultaneously. 


DMA Control 


The DMA control circuitry in the GDC coordinates transfers 
over the microprocessor interface when using an external 
DMA controller. The DMA Request and Acknowledge 
handshake lines directly interface with a DMA controller, so 
that display data can be moved between the microproces- 
sor memory and the display memory. 


Parameter RAM 


The 16-byte RAM stores parameters that are used repeti- 
tively during the display and drawing processes. !n char- 
acter mode, this RAM holds four sets of partitioned display 
area parameters; in graphics mode, the drawing pattern 
and graphics character take the place of two of the sets 
of parameters. 


Video Sync Generator 


Based on the clock input, the sync logic generates the ras- 
ter timing signals for almost any interlaced, non-interlaced, 
or “repeat field” interlaced video format. The generator 
is programmed during the idle period following a reset. In 
video sync slave mode, it coordinates timing between 
multiple GDCs. 


Memory Timing Generator 

The memory timing circuitry provides two memory cycle 
types: a two-clock period refresh cycle and the read-mod- 
ity-write (RMW) cycle which takes four clock periods. The 
memory control signals needed to drive the display mem- 
ory devices are easily generated from the GDC’s ALE and 
DBIN outputs. 


Zoom & Pan Controller 

Based on the programmable zoom display factor and the 
display area entries in the parameter RAM, the zoom and 
pan controller determines when to advance to the next 
memory address for display refresh and when to go on to 
the next display area. A horizontal zoom is produced by 
slowing down the display refresh rate while maintaining the 
video sync rates. Vertical zoom is accomplished by repeat- 
edly accessing each line a number of times equal to the 
horizontal repeat. Once the line count for a display area is 
exhausted, the controller accesses the starting address and 
line count of the next display area from the parameter RAM. 
The system microprocessor, by modifying a display area 
starting address, can panin any direction, independently of 
the other display areas. 


Drawing Controller 

The drawing processor contains the logic necessary to cal- 
culate the addresses and positions of the pixels of the var- 
ious graphics figures. Given a starting point and the 
appropriate drawing parameters, the drawing controller 
needs no further assistance to complete the figure drawing. 


Display Memory Controller 

The display memory controller's tasks are numerous. Its 
primary purpose is to multiplex the address and data infor- 
mation in and out of the display memory. It also contains the 
16-bit logic unit used to modify the display memory con- 
tents during RMW cycles, the character mode line counter, 
and the refresh counter for dynamic RAMs. The memory 
controller apportions the video field time between the var- 
ious types of cycles. 


Light Pen Deglitcher 

Only if two rising edges on the light pen input occur at the 
same point during successive video fields are the pulses 
accepted as a valid light pen detection. A status bit indi- 
cates to the system microprocessor that the light pen reg- 
ister contains a valid address. 


PROGRAMMER’S VIEW OF GDC 


The GDC occupies two addresses on the system micropro- 
cessor bus through which the GDC’s status register and 
FIFO are accessed. Commands and parameters are writ- 
ten into the GDC’s FIFO and are differentiated based on 
address bit AO. The status register or the FIFO can be read 
as selected by the address line. 


READ WRITE 


| Status Register Parameter Into FIFO 
Le FIFO Read Command Into FIFO 


GDC Microprocessor Bus Interface Registers 









Commands to the GDC take the form of a command byte 
followed by a series of parameter bytes as needed for spec- 
ifying the details of the command. The command processor 
decodes the commands, unpacks the parameters, loads 
them into the appropriate reigsters within the GDC, and ini- 
tiates the required operations. 


The commands available in the GDC can be organized into 
five categories as described in the following section. 





GDC COMMAND SUMMARY 


Video Control Commands 


1.RESET Resets the GDC to its idle state. 

2. SYNC Specifies the video display format. 

3. VSYNC Selects master or slave video synchro- 
nization mode. 

4.CCHAR Specifies the cursor and character row 


heights. 
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Display Control Commands 


1.START — EndsIdle mode and unblanks the display. 

2.BCTRL = Controls the blanking and unblanking of 
the display. 

3. ZOOM Specifies zoom factors for the display and 
graphics characters writing. 

4.CURS Sets the position of the cursor in display 
memory. 

5.PRAM Defines starting addresses and lengths 
of the display areas and specifies the 
eight bytes for the graphics character. 

6. PITCH Specifies the width of the X dimension of 


display memory. 


Drawing Control Commands 


1. WDAT Writes data words or bytes into display 
memory. 

2. MASK Sets the mask register contents. 

3. FIGS Specifies the parameters for the drawing 
controller. 

4.FIGD Draws the figure as specified above. 

5.GCHRD Draws the graphics character into dis- 


play memory. 


Data Read Commands 


1. RDAT: Reads data words or bytes from display 
memory. 

2.CURD:  MReadsthecursor position.  _ 

3.LPRD: Reads the light pen address. 


DMA Control Commands 


1.DMAR Requests a DMA read transfer. 
2.DMAW _ Requests a DMA write transfer. 


STATUS REGISTER FLAGS 


Boas Ea ae ee) 


L Data Ready 

FIFO Full 

FIFO Empty 

Drawing in Progress 
DMA Execute 

Vertical Sync Active 
Horizontal Blank Active 
Light Pen Detect 


rc 


Status Register (SR) 


SR-7: Light Pen Detect 


When this bit is set to 1, the light pen address (LAD) register 
contains a deglitched value that the system microprocessor 
may read. This flag is reset after the 3-byte LAD is moved 
into the FIFO in response to the light pen read command. 


SR-6: Horizontal Blanking Active 


A 1 value for this flag signifies that horizontal retrace blank- 
ing is currently underway. 


SR-5: Vertical Sync 

Vertical retrace sync occurs while this flag is a 1. The verti- 
cal sync flag coordinates display format modifying com- 
mands to the blanked interval surrounding vertical sync. This 
eliminates display disturbances. 


SR-4: DMA Execute 
This bit is a 1 during DMA data transfers. 


SR-3: Drawing in Progress 


While the GDC is eee a graphics figure, this status bit 
isa, 


SR-2: FIFO Empty . 
This bit and the FIFO Full flag coordinate system micropro- 
cessor accesses with the GDC FIFO. When itis 1, the Empty 
flag ensures that all the commands and parameters previ- 
ously sent to the GDC have been interpreted. 


SF-1: FIFO Full 


A 1 atthis flag indicates a full FIFO in the GDC. AO ensures 
that there is room for at least one byte. This flag needs to 
be checked out before each write into the GDC. 


SR-0: Data Ready 


When this flag is a 1, it indicates that a byte is available to 
be read by the system microprocessor. This bit must be 
tested before each read operation. It drops to a 0 while the 
data is transferred from the FIFO into the migepioceseot 
interface data register. 


a ST EL 
FIFO OPERATION & COMMAND PROTOCOL 

The first-in, first-out buffer (FIFO) in the GDC handles the 
command dialogue with the system microprocessor. This 
flow of information uses a half-duplex technique, in which 
the single 16-location FIFO is used for both directions of 
data movement, one direction at a time. The FIFO’s direc- 
tion is controlled by the system microprocessor through the 
GDC’s command set. The host microprocessor coordi- 


nates these transfers by checking the appropriate status 
register bits. 


The command protocol used by the GDC requires differ- 
entiation of the first byte of a command sequence from the 
succeeding bytes. The first byte contains the operation code 
and the remaining bytes carry parameters. Writing into the 
GDC causes ‘the FIFO to store a flag value alongside the 
data byte to signify whether the byte was written into the 
command or the parameter address. The command pro- 
bee i the GDC tests this bit as it interprets the entries in 
the : 


The receipt of a command byte by the command processor 
marks the end of any previous operation. The number of 
parameter bytes supplied with a command is cut short by 
the receipt of the next command byte. A read operation from 
the GDC to the microprocessor can be terminated at any 
time by the next command. 


The FIFO changes direction under the control of the system 
microprocessor. Commands written into the GDC always 
put the FIFO into write mode if it wasn’t in it already. 


If it was in read mode, any read data in the FIFO at the time 
of the turnaround is lost. Commands which require a GDC 
response, such as RDAT, CURD and LPRD, put the FIFO 
into read mode after the command is interpreted by the 
GDC’s command processor. Any commands and param- 
eters behind the read-evoking command are discarded 
when the FIFO direction is reversed. 


READ-MODIFY-WRITE CYCLE 


Data transfers between the GDC and the display memory 
are accomplished using a read-modify-write (RMW) mem- 
ory cycle. The four clock period timing of the RMW cycle is 
used to: 1) output the address, 2) read data from the mem- 
ory, 3) modify the data, and 4) write the modified data back 
into the initially selected memory address. This type of 
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memory cycle is used for all interactions with display mem- 
ory including DMA transfers, except for the two clock period 
display and RAM refresh cycles. 


The operations performed during the modify portion of the 
RMW cycle merit additional explanation. The circuitry in the 
GDC uses three main elements: the Pattern register, the 
Mask register, and the 16-bit Logic Unit. The Pattern regis- 
ter holds the data pattern to be moved into memory. It is 
loaded by the WDAT parameters or, during drawing, from 
the parameter RAM. The Mask register contents determine 
which bits of the read data will be modified. Based on the 
contents of these registers, the Logic Unit performs the 
selected operations of REPLACE, COMPLEMENT, SET, or 
CLEAR on the data read from display memory. 


The Pattern register contents are ANDed with the Mask 
register contents to enable the actual modification of the 
memory read data, on a bit-by-bit basis. For graphics draw- 
ing, one bit at a time from the Pattern register is combined 
with the Mask. When ANDed with the bit set to a 1 in the 
Mask register, the proper single pixel is modified by the Logic 
Unit. For the next pixel in the figure, the next bit in the Pat- 
tern register is selected and the Mask register bit is moved 
to identify the pixel’s location within the word. The Execu- 
tion word address pointer register, EAD, is also adjusted as 
required to address the word containing the next pixel. 


In character mode, all of the bits in the Pattern register are 
used in parallel to form the respective bits of the modify data 
word. Since the bits of the character code word are used in 
parallel, unlike the one-bit-at-a-time graphics drawing pro- 
cess, this facility allows any or all of the bits in a memory 
word to be modified in one RMW memory cycle. The Mask 
register must be loaded with 1s in the positions where mod- 
ification is to be permitted. 


The Mask register can be loaded in either of two ways. In 
graphics mode, the CURS command contains a four-bit dAD 
field to specify the dot address. The command processor 
converts this parameter into the one-of-16 format used in 
the Mask register for figure drawing. A full 16 bits can be 
loaded into the Mask register using the MASK command. 
In addition to the character mode use mentioned above, the 
16-bit MASK load is convenient in graphics mode when all 
of the pixels of a word are to be set to the same value. 


The Logic Unit combines the data read from display mem- 
ory, the Pattern Register, and the Mask register to generate 
the data to be written back into display memory. Any one of 
four operations can be selected: REPLACE, COMPLE- 
MENT, CLEAR or SET. In each case, if the respective Mask 
bit is 0, that particular bit of the read data is returned to 
memory unmodified. If the Mask bit is 1, the modification is 
enabled. With the REPLACE operation, the Pattern Reg- 
ister data simply takes the place of the read data for mod- 
ification enabled bits. For the other three operations, a0 in 
the modify data allows the read data bit to be returned to 
memory. A 1 value causes the specified operation to be 
performed in the bit positions with set Mask bits. 


FIGURE DRAWINGS 


The GDC draws graphics figures at the rate of one pixel per 
read-modify-write (RMW) display memory cycle. These 
cycles take four clock periods to complete. At a clock fre- 
quency of 5MHz, this is equal to 800ns. During the RMW 
cycle the GDC simultaneously calculates the address and 
position of the next pixel to be drawn. 


The graphics figure drawing process depends on the dis- 
play memory addressing structure. Groups of 16 horizon- 
tally adjacent pixels form the 16-bit words which are handled 
by the GDC. Display memory is organized as a linearly 





addressed space of these words. Addressing of individual 
pixels is handled by the GDC’s internal RMW logic. 


During the drawing process, the GDC finds the next pixel of 
the figure which is one of the eight nearest neighbors of the 
last pixel drawn. The GDC assigns each of these eight 
directions a number from 0 to 7, starting with straight down 
and proceeding counterclockwise. 


Drawing Directions 


Figure drawing requires the proper manipulation of the 
address and the pixel bit position according to the drawing 
direction to determine the next pixel figure. To move to the 
word above or below the current one, it is necessary to sub- 
tract or add the number of words per line in display memory. 
This parameter is called the pitch. To move to the word to 
either side, the Execute word address cursor, EAD, must be 
incremented or decremented as the dot address pointer bit 
reaches the LSB or the MSB of the Mask register. To move 
to a pixel within the same word, it is necessary to rotate the 
dot address pointer register to the right or left. 


The table below summarizes these operations for each 
direction. 


Dir Operations to Address the Next Pixel 
000 EAD + P- EAD 


EAD + P— EAD 
dAD(MSB) = 1:EAD + 1--EAD dAD—LR 


010 dAD (MSB) = 1:EAD +1— EAD dAD—LR 


EAD - P— EAD 
dAD(MSB) = 1:EAD+1—EAD dAD—LR 


100 EAD ~- P— EAD 


EAD - P— EAD 
dAD (LSB) = 1:EAD --1—- EAD dAD—RR 


110 dAD (LSB) = 1:EAD-1—EAD dAD—RR 


EAD + P— EAD 
dAD (LSB) = 1:EAD -1— EAD dAD—RR 





001 








011 








101 








111 


Where P = Pitch, LR = Left Rotate, RR = Right Rotate, 
EAD = Execute Word Address, and 
dAD = Dot Address stored in the Mask Register. - 


Whole word drawing is useful for filling areas in memory with 
asingle value. By setting the Mask register to all 1s with the 
MASK command, both the LSB and MSB of the dAD will 
always be 1, so that the EAD value will be incremented or 
decremented for each cycle regardless of direction. One 
RMW cycle will be able to effect all 16 bits of the word for 
any drawing type. One bit in the Pattern register is used per 
RMW cycle to write all the bits of the word to the same value. 
The next Pattern bit is used for the word, etc. 
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For the various figures, the effect of the initial direction upon 
the resulting drawing is shown below: 
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Note that during line drawing, the angle of the line may be 
anywhere within the shaded octant defined by the DIR value. 
Arc drawing starts in the direction initially specified by the 
DIR value and veers into an arc as drawing proceeds. An 
arc may be up to 45 degrees in length. DMA transfers are 
done on word boundaries only, and follow the arrows indi- 
cated in the table to find successive word addresses. The 
slanted paths for DMA transfers indicate the GDC chang- 
ing both the X and Y components of the word address when 
moving to the next word. It does not follow a 45 degree diag- 
onal path by pixels. 


a a EDS 
DRAWING PARAMETERS 


In preparation for graphics figure drawing, the GDC’s Draw- 
ing Processor needs the figure type, direction and drawing 
parameters, the starting pixel address, and the pattern from 
the microprocessor. Once these are in place within the GDC, 
the Figure Draw command, FIGD, initiates the drawing 
operation. From that point on, the system microprocessor 
is not involved in the drawing process. The GDC Drawing 


Controller coordinates the RMW circuitry and address reg- 
isters to draw the specified figure pixel by pixel. 


The algorithms used by the processor for figure drawing are 
designed to optimize its drawing speed. To this end, the. 
specified details about the figure to be drawn are reduced 
by the microprocessor to a form conducive to high-speed 
address calculations within the GDC. In this way the repet- 
itive, pixel-by-pixel calculations can be done quickly, thereby 
minimizing the overall figure drawing time. The table below 
summarizes the parameters. 


a PS 
Drawing Type pc D D2 D1 DM 























Initial Value* 0 8 8 +1 -1 
Line | al] 2)A4D]—[Al] 2([AD|] -—]Al}) 2]; AD] - 
Arc** rsin d r-1 2(r-1) -1 = rsine| 
Rectangle 3 A-1 8-1 -1 A-1 
Area Fill B-1 A A - - 
Graphic Character*** B-1 A A - - 
Write Data w-1 - = - fal 
DMAW D-1 c- - - - 
DMAR D-1 C-2 (C-2)/2t - - 
Read Data Ww - - - - 





“Initial values for the various parameters remain as each drawing process ends. 
**Circles are drawn with 8 arcs, each of which span 45°, so that sind = 1/V’2 and sing = 0. 


***Graphic characters are a special case of bit-map area fillingin which BandA <8.IfA=8 
there is no need to load D and D2. 


Where: 
~-1= all ONES value. 


All numbers are shown in base 10 for convenience. The GDC accepts base 2 numbers (2s 
complement notation where appropriate). 


—= Noparameter bytes sent to GDC for this parameter. 
Al= The larger at Ax or Ay. 
AD= The smaller at Ax or Ay. 
t= Radius of curvature, in pixels. 
d= Angle from major axis to end of the arc. ¢ < 45° 
6= Angle from major axis to start of the arc. @ < 45° 
t = Round up to the next higher integer. 
| = Round down to the next lower integer. 
A= Number of pixels in the initially specified direction. 
B= Number of pixels in the direction at right angles to the 
initially specified direction. 
W= Number of words to be accessed. 


C= Number of bytes to be transferred in the initially specified 
direction. (Two bytes per word if word transfer mode 
is selected.) 


D= Number of words to be accessed in the direction at right 
angles to the initially specified direction. 


DC= Drawing count parameter which is one less than the num- 
. ber of RMW cycles to be executed. 


OM= Dots masked from drawing during arc drawing. 
t= Needed only for word reads. 


GRAPHICS CHARACTER DRAWING 


Graphics characters can be drawn into display memory 
pixel-by-pixel. The up to 8-by-8 character display is loaded 
into the GDC’s parameter RAM by the system micropro- 
cessor. Consequently, there are no limitations on the char- 
acter set used. By varying the drawing parameters and 
drawing direction, numerous drawing options are available. 
In area fill applications, a character can be written into dis- 
play memory as many times as desired without reloading 
the parameter RAM. 


Once the parameter RAM has been loaded with up to eight 
graphics character bytes by the appropriate PRAM com- 
mand, the GCHRD command can be used to draw the bytes 
into display memory starting at the cursor. The zoom mag- 
nification factor for writing, set by the zoom command, con- 
trols the size of the character written into the display memory 
in integer multiples of 1 through 16. The bit values in the 


PRAM are repeated horizontally and vertically the number 
of times specified by the zoom factor. 


The movement of these PRAM bytes to the dis ee memor 
is controlled by the parameters of the FIGS comman 
Based on the specified height and width of the area to be 
drawn, the parameter RAM is scanned to fill the required 
area. 


For an 8-by-8 graphics character, the first pixel drawn uses 
the LSB of RA-15, the second pixel uses bit 1 of RA-15, and 
so on, until the MSB of RA-15 is reached. 


The GDC jumps to the corresponding bit in RA-14 to con- 
tinue the drawing. The progression then advances toward 
the LSB of RA-14. This snaking sequence is continued for 
the other 6 PRAM bytes. This progression matches the 
sequence of display memory addresses calculated by the 
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drawing processor as shown above. If the area is narrower 
than 8 pixels wide, the snaking will advance to the next 
PRAM byte before the MSB is reached. If the area is nar- 
rower than 8 lines high, fewer bytes in the parameter RAM 
will be scanned. If the area is larger than 8 by 8, the GDC 
will repeat the contents of the parameter RAM in two 
dimensions, as required to fill the area with the 8-by-8 moz- 
aic. (Fractions of the 8-by-8 pattern will be used to fill areas 
which are not multiples of 8 by 8). 


PARAMETER RAM CONTENTS: RAM ADDRESS 
RAO TO 15 


The parameters stored in the parameter RAM, PRAM, are 
available for the GDC to refer to repeatedly during figure 
drawing and raster-scanning. In each mode of operation the 
values in the PRAM are interpreted by the GDC in a pre- 
determined fashion. The host microprocessor must load the 
appropriate parameters into the proper PRAM locations. 
PRAM loading command allows the host to write into any 
location of the PRAM and transfer as many bytes as desired. 


Character Mode 


Display Partition Area 1 
starting address with low & 
high significance fields 
(word address) 


9 0 0 0 


(line count) with high and 
low significance fields 


A Wide Display cycle width 

of two words per memory cycle 
is selected for this display 

area if this bit is set toa 1. 

The display address counter 

is then incremented by 

2 for each display scan 

cycle. Other memory cycle 
types are not influenced. 


Display Partition 2 
Starting address 
and length 


Display Partition 3 
starting address 
and length 


Display Partition 4 
starting address 
and length 
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In this way any stored parameter byte or bytes may be 
changed without influencing the other bytes. 


The PRAM stores two types of information. For specifying 
the details of the display area partitions, blocks of four bytes 
are used. The four parameters stored in each block include 
the starting address in display memory of each display area, 
and its length. In addition, there are two mode bits for each 
area which specify whether the areais a bit-mapped graph- 
ics area or acoded character area, and whether a 16-bit or 
a 32-bit wide display cycle is to be used for that area. 


The other use for the PRAM contents is to supply the pat- 
tern for figure drawing when in a bit-mapped graphics area 
or mode. in these situations, PRAM bytes 8 through 16 are 
reserved for this patterning information. For line, arc, and 
rectangle drawing (linear figures) locations 8 and 9 are 
loaded into the Pattern Register to allow the GDC to draw 
dotted, dashed, etc. lines. For area filling and graphics bit- 
mapped character drawing locations 8 through 15 are ref- 
erenced for the pattern or character to be drawn. 


Details of the bit assignments are shown for the various 
modes of operation. 


Graphics and Mixed Graphics and Character Modes 


Display Partition Area 1 


RA-0 starting address with low, 


middle, and high significance 
fields (word address) 


Length of Display Partition 
Area 1 with low and high 
significance fields (line count) 


In mixed mode, a 1 indicates an 
image or graphics area, and a0 
indicates a character area. In 
graphics mode this bit must be 0. 
When 1, the DAO Is incremented 
every other display cycle. 


Display Partition Area 2 
Starting address and 

. fength with image 
bit as in area1 


Pattern of 16 bits used for 

figure drawing to pattern 

dotted, dashed, etc. lines 
or GCHR7 


Graphics character bytes 
to be moved into display 
memory with graphics 
character drawing 





This command can be executed at any time and does not 
Command Bytes Summary modify any of the parameters already loaded into the GDC. 

If followed by parameter bytes, this command also sets the 
sync generator parameters as described below. Idle mode 
is exited with the START command. 


o ° 
o ° 
°o ° 
° ° 
oO 
° 
° 
|a} fe 


Mode of Operation select bits 
See below 


Active Display Words per 
line —2 Must be even 
number with bit 0 = 0 





Horizontal Syne Width — 1 
Vertical Sync Width, low bits 


pa Le De Syne Width, high bits 
Horizontal Front Porch Width — 1 


P6 feo | VFP Vertical Front Porch Width 


P7 AL, Active Display Lines per 
Video Field, low bits 


o 
o 
o 
o 
Ei 


4 
< 
uv 
m 


P8 VBP AL, Active Display Lines per 
Video Field, high bits 


Vertical Back Porch Width 


In graphics mode, a word is a group of 16 pixels. In char- 
acter mode, a word is one character code and its attributes, 
if any. The number of active words per line must be an even 
number from 2 to 256. An all-zero parameter value selects 
a count equal to 2" where n=number of bits in the param- 
eter field for vertical parameters. All horizontal widths are 
rare in display words. All vertical intervals are counted 
in lines. 


4 
~< 
vu 
m 


Horizontal Back Porch Constraints 

1. In general: 
HBP23 Display Word Cycles (6 clock cycles). 

2. Ifthe IMAGE or WD modes change within one video field: 
HBP=5 Display Word Cycles (10 clock cycles). 

3. If interlace or mixed mode is used: 
HBP=5 Display Word Cycles (10 clock cycles). 


Horizontal Front Porch Constraints 


1. If the display ZOOM function is used at other than 1X: 
HFP22 Display Word Cycles (4 clock cycles). 
2. If the GDC is used in the video sync Slave mode: 
HFP=4 Display Word Cycles (8 clock cycles). 
VIDEO CONTROL COMMANDS 3. If the Light Pen is used: 
4 





HFP2=6 Display Word Cycles (12 clock cycles). 
Reset . If interlace mode is used: 
HFP=3 Display Word Cycles (6 clock cycles). 


Blank the display, enter 


RESET:] 0 0 0 0 0 0 0 it] Idle mode, and initialize F 
within the GDC: Horizontal SYNC Constraints 
— FIFO z : ‘i 
-Connand Processes 1. If interlaced display mode is used: 
—- Internal Counters HS=5 Display Word Cycles (10 clock cycles). 
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Modes of Operation Bits 


ca Display Mode 
00 Mixed Graphics & Character 
01 Graphics Mode 
10 Character Mode 
11 Invalid 
is Video Framing 
00 Noninterlaced 
01 Invalid 
10 Interlaced Repeat Field for Character Displays 
11 Interlaced 
Repeat Field Framing: 2 Field Sequence with ‘% line off- 


set between otherwise identical 
fields. 

2 Field Sequence with 1 line off- 
set. Each field displays alternate 
lines. 

1 field brings all of the information 
to the screen. 


Total scanned lines in interlace mode is odd. The sum of 
VFP + VS + VBP + AL should equal one less than the 
desired odd number of lines. 


Interlaced Framing: 


Noninterlaced Framing: 


D Dynamic RAM Refresh Cycies Enable 
0 No Refresh — STATIC RAM 
1 Refresh — Dynamic RAM 


Dynamic RAM refresh is important when high display zoom 
factors or DMA are used in such a way that not all of the 
rows in the RAMs are regularly accessed during display 
raster generation and for otherwise inactive display memory. 


F Drawing Time Window 
0 Drawing during active display time and retrace blanking 
1 Drawing only during retrace blanking 


Access to display memory can be limited to retrace blank- 
ing intervals only, so that no disruptions of the image are 
seen on the screen. 


Cursor & Character Characteristics 


CCHAR:| O 1 0 0 1 0 1 1 


Disptay Cursor if 1 


Cursor Top line number 
in the row 


0 — Blinking Cursor 
1 — Steady Cursor 
Blink Rate, lower bits 


P3 CBOT : |e, | Blink Rate, upper bits 


Cursor Bottom line number in 
the row CBOT < LR 


In graphics mode, LR should be set to 0. The blink rate 
parameter controls both the cursor and attribute blink rates. 
The cursor blink-on time = blink-off time = 2 x BR (video 
frames). The attribute blink rate is always 2 the cursor 
rate but with a % on -% off duty cycle. All three parameter 
bytes must be output for interlace displays, regardless of 
mode. For interlace displays in graphics mode, the param- 
eter BR, = 3 


SYNC Format Specify 


SYNC:| 0 O 0 0 1 1 1 oe | 


The display is enabled by 
a1, and blanked by a0. 


Mode of Operation select bits 
See below 


Active Display Words per 
line —-2 Mustbe even 
number with bit 0 = 0 


Horizontal Sync Width — 1 
Vertical Sync Width, tow bits 





Vertical Sync Width, high bits 


Horizontal Front Porch Width — 1 


e foo] er pag ene et 


Vertical Front Porch Width 


Active Display Lines per 
Video Field, low bits 


P8 VBP Active Display Lines per 


Video Field, high bits 


Vertical Back Porch Width 


This command also loads parameters into the sync gen- 
erator. The various parameter fields and bits are identical 
to those at the RESET command. The GDC is not reset nor 
does it enter idle mode. 


Vertical Sync Mode 


0~Accept External Vertical 


Sync — Slave Mode 


1—Generate & Output Vertical 
Sync — Master Mode 


When using two or more GDCs to contribute to one image, 
one GDC is defined as the master sync generator, and the 
others operate as its slaves. The VSYNC pins of all GDCs 
are connected together. 


A few considerations should be observed when synchro- 
nizing two or more GDCs to generate overlayed video via 
the VSYNC INPUT/OUTPUT pin. As mentioned above, the 
Horizontal Front Porch (HFP) must be 4 or more display 
cycles wide. This is equivalent to eight or more clock cycles. 
This gives the slave GDCs time to initialize their internal 
video sync generators to the proper point in the video field 
to match the incoming vertical sync pulse (VSYNC). This 
resetting of the generator occurs just after the end of the 
incoming VSYNC pulse, during the HFP interval. Enough 
time during HFP is required to allow the slave GDC to com- 
plete the operation before the start of the HSYNC interval. 


Once the GDCs are initialized and set up as Master and 
Slaves, they must be given time to synchronize. It is a good 
idea to watch the VSYNC status bit of the Master GDC and 
wait until after one or more VSYNC pulses have been gen- 
erated before the display process is started. The START 
command will begin the active display of data and will end 
the video synchronization process, so be sure there has 
been at least one VSYNC pulse generated for the Slaves to 
synchronize to. 


283 





DISPLAY CONTROL COMMANDS 
Start Display & End idle Mode 


START: 


Display Blanking Control 


BCTRL:] 0 0 t) 0 1 1 0 The display is enabled 
by a1, and blanked by 


ad 


Zoom Factors Specify 


ZOOM: 


°o 


x 
_ 
o 
°o 
o 
_ 
_ 
o 


Zoom factor for graphics 
character writing and area 
filling 


Display zoom factor 


Zoom magnification factors of 1 through 16 are available 
using codes 0 through 15, respectively. 


Cursor Position Specify 


CURS: o 41 0 0 1 0 0 1 


P1 Execute Word Address, 


low byte 


P2 Execute Word Address, 


middle byte 


P3 


{Graphics Mode only) 


Word Address, top bits 


Dot Address within the word 


In character mode, the third parameter byte is not needed. 
The cursor is displayed for the word time in which the dis- 
play scan address (DAD) equals the cursor address. In 
graphics mode, the cursor word address specifies the word 
containing the starting pixel of the drawing; the dot address 
value specifies the pixel within that word. 


Parameter RAM Load 


PRAM: 





Starting Address in 
parameter RAM 


1to 16 bytes to be loaded 
into the parameter RAM 
starting at the RAM address 
specified by SA 


I 


vu -—-— 0 
= A 


From the starting address, SA, any number of bytes may 
be loaded into the parameter RAM at incrementing 
addresses, up to location 15. The sequence of parameter 
bytes is terminated by the next command byte entered into 
the FIFO. The parameter RAM stores 16 bytes of informa- 
tion in predefined locations which differ for graphics and 
character modes. See the parameter RAM discussion for 
bit assignments. 


Pitch Specification 


pitcH: | 0 41 #0 0 0 14 1 4 


in display memory in the 


horizontal direction 


This value is used during drawing by the drawing processor 
to find the word directly above or below the current word, 
and during display to find the start of the next line. 


The Pitch parameter (width of display memory) is set by two 
different commands. In addition to the PITCH command, 
the RESET (or SYNC) command also sets the pitch value. 
The “active words per line” parameter, which specifies the 
width of the raster-scan display, also sets the Pitch of the 
display memory. Note that the AW value is two less than the 
display window width. The PITCH command must be used 
to set the proper memory width larger than the window width. 


DRAWING CONTROL COMMANDS 
Write Data into Display Memory 


RMW Memory cycle 
Logical Operation: 









satiety 
0 0 ~«——— REPLACE with Pattern 
0 1 —<<«——— COMPLEMENT 

1 0 ~«——-— RESET to zero 

1 1 —~—a——— SET to1 


Data Transfer Type: 

0 0 ——_____—————_ Word, Low then High byte 
1 0 <—____—__———— Low Byte of the Word 
1 
0 


1 —<—<—_—_—_____—__—_____. High Byte of the Word 
1 <_———_—_——___—_—_ Invalid 


Pi WORD, OR BYTE Word Low Data Byte or 
Single Byte Data value 
etc. High Data Byte 


Upon receiving a set of parameters (two bytes for a word 
transfer, one for a byte transfer), one RMW cycle into Video 
Memory is done at the address pointed to by the cursor EAD. 
The EAD pointer is advanced to the next word, according 
to the previously specified direction. More parameters can 
then be accepted. 


For byte writes, the unspecified byte is treated as all zeros 
during the RMUW memory cycle. 


In graphics bit-map situations, only the LSB of the WDAT 
parameter bytes is used as the pattern in the RMW oper- 
ations. Therefore it is possible to have only an all ones or 
all Zeros pattern. In coded character applications all the bits 
of the WDAT parameters are used to establish the draw- 
ing pattern. 
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The WDAT command operates differently from the other 
commands which initiate RMW cycle activity. It requires 
parameters to set up the Pattern register while the other 
commands use the stored values in the parameter RAM. 
Like all of these commands, the WDAT command must be 
preceded by a FIGS command and its parameters. Only the 
first three parameters need to be given following the FIGS 
opcode, to set up the type of drawing, the DIR direction, and 
the DC value. The DC parameter + 1 willbe the number of 
RMW cycles done by the GDC with the first set of WDAT 
parameters. Additional sets of WDAT parameters will see a 
DC value of 0 which will cause only one RMW cycle to be 
executed per set of parameters. 


Mask Register Load 


0 


1 0 Qo 1 tt) 1 0 


MASK: 


P1 Low significance byte 


P2 High significance byte 


This command sets the value of the 16-bit Mask register of 
the figure drawing processor. The Mask register controls 
which bits can be modified in the display memory during a 
read-modify-write cycle. 


The Mask register is loaded by the MASK command and 
the third parameter byte of the CURS command. The MASK 
command accepts two parameter bytes to load a 16-bit value 
into the Mask register. All 16 bits can be individually one or 
zero, under program control. The CURS command on the 
other hand, puts a ‘1 to 16” pattern into the Mask register 
based on the value of the Dot Address value, dAD. If normal 
single-pixel-at-a-time graphics figure drawing is desired, 
there is no need to do a MASK command at all since the 
CURS command will set up the proper pattern to address 
the proper pixels as drawing progresses. For coded char- 
acter DMA, and screen setting and clearing operations using 
the WDAT command, the MASK command should be used 
after the CURS commanzc if its third parameter byte has 
been output. The Mask register should be set to all “ONES” 
for any “word-at-a-time” operation. 


Valid Figure Type Select Combinations 
L Operation 


Character Display Mode Drawing, Individual Dot Drawing, 
DMA, WDAT, and RDAT 


Stralght Line Drawing 


Graphics Character Drawing and Area filling with graphics 
character pattern 


Arc and Circle Drawing 
Rectangle Drawing 


Slanted Grapnics Character Drawing and Stanted 
Area Filling 


Only these bit combinations assure correct drawing 
operation. 


Figure Draw Start 


FIGD: 0 1 1 0 1 1 o 0 


On execution of this instruction, the GDC loads the param- 
eters from the parameter RAM into the drawing processor 
and starts the drawing process at the pixel pointed to by the 
cursor, EAD, and the dot address, dAD. 
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Figure Drawing Parameters Specify 


FIGS: 


Drawing Direction Base 






Figure Type Select Bits: 

Line (Vector) 

Graphics Character 
Arc/Circle 

Rectangle 

Slanted Graphics Character 








DC Drawing Parameter 


Graphics Drawing flag for use in 
Mixed Graphics and Character Mode 


P4 D Drawing Parameter 


PS 


> 
= 
o 
— 
o 
pee 
w~ 





D2 Drawing Parameter 


P7 


o 


P8 D1 Drawing Parameter 


P9 


P10 DM, DM Drawing Parameter 


P11 


The parameters take on 
different interpretations for 
different figure types. 


Graphics Character Draw and Area Filling Start 


GCHRD:| oO 1 1 0 1 0 o.6hlUO 


Based on parameters loaded with the FIGS command, this 
command initiates the drawing of the graphics character or 
area filling pattern stored in Parameter RAM. Drawing 
begins at the address in display memory pointed to by the 
EAD and dAD values. 


DATA READ COMMANDS 
Read Data from Display Memory 


ee [T= Le 


0 ‘Word, low then high byte 
0 Low byte of the Word only 
1_———__—_——— High byte of the Word only 


1—<—_—________-___——__ Invalid 


Data Transfer Type: 








oot 2 28 


Using the DIR and DC parameters of the FIGS command 
to establish direction and transfer count, multiple RMW 
cycles can be executed without specification of the cursor 
address after the initial load (DC = number of words or 
bytes). 

As this instruction begins to execute, the FIFO buffer direc- 
tion is reversed so that the data read from display memory 
can pass to the microprocessor. Any commands or param- 
eters in the FIFO at this time will be lost. A command byte 
sent to the GDC will immediately reverse the buffer direc- 
tion back to write mode, and all RDAT information not yet 
read from the FIFO will be lost. MOD should be set to 00 if 
no modification to video buffer is desired. 


Cursor Address Read 


CURD: | 1 1 1 #0 6 0 0 (0 


ins Agi bytes are returned by the GDC through the 


Execute Address (EAD), 
low byte 


Execute Address (EAD), 
middle byte 





Execute Address (EAD), 
high bits 


a ee 


The Executive Address, EAD, points to the display memory 
word containing the pixel to be addressed. 

The Dot Address, dAD, within the word is represented as a 
1-of-16 code for graphics drawing operations. 


Dot Address (dAD), high byte 


Light Pen Address Read 


tprv: | 1 1 #0 © 0 60 0 0 


The following bytes are returned by the GDC through the 
IFO: 


AT LAD," AO Light Pen Address, low byte 
A15S LAD, As Light Pen Address, 
middle byte 


~—— Light Pen Address, high byte 


The light pen address, LAD, corresponds to the display word 
address, DAD, at which the light pen input signal is detected 
and deglitched. 


The light pen may be used in graphics, character, or mixed 
modes but only indicates the word address of light pen 
position. 


DMA Read Request 


ee Ee 


0 ———________—_—— Word, Low then High Byte 


DMAR: 





Data Transfer Type: 


0 

1 0 —<________-_—- Low Byte of the Word 
1 1—_____—_—— High Byte of the Word 
0 


1 —<_—__—_—_-——_§—~ Invalid 


DMA Write Request 


DMAW: 





—-— RMW Memory Logical Operation: 
0 0 —«——- REPLACE with Pattern 
0 1 —«—— COMPLEMENT 
1 0 ~«——— RESET to Zero 
1 1 ~«— SET to One 
<_———-_---_ Data Transfer Type: 
0 —<—___—_-—————-_ Word, Low then High Byte 
0——___——_————— Low Byte of the Word 


1———__——— High Byte of the Word 


ocouU + -~ 98 


1i————\————— Invatid 
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ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS* 
Ambient Temperature under Bias 0°C to 70°C 
Storage Temperature — 65°C to 150°C 
Voltage on Any Pin with Respect to Ground —0.5V to +.7V 
Power Dissipation 1.5W 








PREL 


“Som Notic 


2: This 
Param e tri 8 Rot a final 
we limits are sue 














*COMMENT: Exposing the device to stresses above those listed in Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


DC CHARACTERISTICS T, = 0°C to 70°C; Veg = 5V + 10%; GND = OV 





a ee 
Parameter | Min | Typ | = Max | Conditions 
Input Low Voltage a ae ee ee ee ® 
Input High Voltage Ve ae es ee ® 
Output Low Voltage Vou Po Vg = 2.2m 
Output High Voltage Vou | a4 VT te = 400 pA 
Input Low Leak Current le . {| fT =10— pA so = OV 
Input High Leak Current Pa tA Vo 
Output Low Leak Current RE Pe Rn ON (ee 
Output High Leak Current Pt tA = Vor 
Clock Input Low Voltage po Meg SOS Uf — eS 6 =v 
Clock Input High Voltage PV | 8K ec 1.0 | 
Voc Supply Current Poke 0m 
CAPACITANCE T, = 25°C; Voc = GND = OV | 
Limits Test 

Parameter Symbol Min T Max Unit Conditions 
ere ge a a 
ec ae BE hmeasued) « 


Notes: 
@ For 2XWCLK, V,, = —0.5V to +0.6V. 
@ For 2XWCLK, V,,, = +3.9V to Voc + 1.0V. 


AC Characteristics, T, = 0°C to 70°C; Veg = 5.0V + 10%; GND = OV 


Read Cycle (GDC~-CPU) 
Symbol 


ain Max [Win Max | atin | Max 
i ie = She Oe ae ah | ne 
eine ee Oe oO Ng 
pe ed 
i lye OOO el OE ens 











Test 
Conditions 





Parameter 
Address Setup to RD | 
Address Hold from RD T 
RD Pulse Width 

Data Delay from RD J 





















































Data Floating from RD f ta ao | oo | too S| | 80s 
RD Pulse Cycle ty 4 tax fete ke eee 
Write Cycle (GDC-—CPU) 
Ca aa fae a] | Test 
Parameter Symbol SS a Conditions 
AddressSetuptoWRI | tw | 0 | ~~+|~ ~o ~+| +t o | 
Address Hold from WR 1 





WR Pulse Width 
Data Setup to WRT 
Data Hold from WR 
WR Pulse Cycle 
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DMA Read Cycle (GDC-CPU) 


Test 
Parameter eae =o — aoa Conditions 
DACK Setup to RD | (Re aa AR a (eam) TERE ee | a ae ee 
DACKHoldfromRDT | tx | oO | | Oo | [| o | |] ns | 

RD Pulse Width | tans | teow +20] | toe +20] tee +20] | ss 

Data Delay from RD ! jee —}___hSton #120) __11 Stax +60) __1 ton + 70/_18_ C, = 50pF 
DREQ Setup to DACK | pf dt ; 


DACK High Level Width se ot eee rae ene” or Ee 
DACK Pulse Cycle Hts |__| }____}_los }__1_18__ 


“for high byte and low byte transfers: tz = 5 tox 


DMA Write Cycle (GDC CPU) 






















7220D Limits 7220D-1 Limits 7220D-2 Limits Test 
Parameter Hie Max fiat Max) Min Ms Conditions 
DACK Setup to WR | 44-3 
DACK Hold from WR T 
DREQ | Delay from = 
DACK | C.= 50 pF 
R/M/W Cycle (GDC—Display Memory) 
7220D Limits 7220D-1 Limits 7220D-2 Limits Test 
Parameter Symbol [Min | Max | Min | Max | Min | Max _| Conditions 


Address/Data Delay = 
Address/Data Floating = 

Input Data Setup to 

2XWCLK | 

Input Data Hold from 

2XWCLK | 

DBIN Delay from = 

ALE T Delay from = 

ALE | Delay from i 



















ALE Width | tw | tax | | tee | | tue | || C= 50 pF 
ALE Low Width | te tue + BOP te + 30] ft + 30 Ts 
Display Cycle (GDC<-Display Memory) 
7220D Limits 7220D-1 Limits 7220D-2 Limits Test 
Parameter Symbol_[~ Min [Max | Min | Max | Min | Max Conditions 
Video Signal Delay 






Input Cycle (GDC~—Display Memory) 





















zee tits _}_ 72200 thins _t_ Paap tiie a | Test 
Parameter as ae ee a ee Conditions 
2XWCLK T 

Input Signal Width eee eee ee 


Clock (2XWCLK) 


7220D Limits 7220D-1 Limits 7220D-2 Limits 








Test 
Parameter Conditions 
Clock Rise Time 
Clock Fall Time 

Clock High Pulse Width 
Clock Low Pulse Width 


Clock Cycle 














280 a00 [200 | 2000 | 80 | 2006 | s 


288 


Microprocessor Interface Write Timing Display Memory Display Cycle Timing 


tww 


aoa {vad (invalid (vara 
thw twa 2xWCLK: 


DW, 
two) 


DBO~7: Invalid =| XX Valid } Invalid 


|———<—* tuey 


Microprocessor Interface Read Timing 








HSYNC-REF: 
BLANK 

VSYNC 

Lco 3 

CSR 
CSR-IMAGE 
ATT-BLINK-CLC 


High Impedance 





tracy 


Display Memory RMW Timing 


Microprocessor Interface DMA Write Timing er 
x : 


2xWCLK: ADO~15: 
DREQ: DBIN: 
DACK: A16, A17: 


ALE: 





tun (WR f to HSYNG T) = tex 
tks (DACK | to HSYNC ft) = tax 


Microprocessor Interface DMA Read Timing 


HSYNC / 


2xWCLK: 


High Impedance 


TIMING WAVEFORMS 
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062 


Display and RMW Cycles (1x Zoom) 


Al6, 17: 


HSYNC: 
BLANK: 
V/EXT SYNC: 


Display 
Cycle 


KO KKAAAAAA 


TIMING WAVEFORMS 


Display or RMW 
Cycle 


Output Address 





1 
ssauppy inding ejeg indino 





a 


ajah9Q 
MWY 20 Aerdsig 


eye indy 


> 


_ ANOILI3S - 





SWYOSSAVM ONIWIL 





ssauppy indjno, 





| 





ssasppy inding 





les 


ajoaAD 
MWY 


~ 23 ++ 13 + - a L ea 


ayoAQ 
Aeidsig pawooz 


—. tL. 


ssauppy indjno 


SWIDMXZ 


ajaAg 
Aejdsig pawooz 


(wooz xz) saj9A9 AAW Pue Aeldsiq 
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c6e 


Zoomed Display Operation with RMW Cycle (3x Zoom) 


| 
i 


~— 01 —-—-——_. 
{ 
i 


2xWCLK: f 





Output Address 


Zoomed Display 
Cycle 


D2 ae = oe 


RMW 
Cycle 


Display or RMW 








phy 


| 
| 


Output Address 





TIMING WAVEFORMS 


E3 -—— if “TT ES 





—a 





po ee 


Output Address 





Light Pen and External Sync Input Timing Clock Timing (2XWCLK) 


ter toe 
2xWCLK: 
2xWCLK: 
tes 


LPEN, 
EX. SYNC: 


24 2.0 2.0 


Miscellaneous: = Test Point== M = 


0.45 0.8 0.8 


Video Sync Signals Timing 


{$$ N>S}$37NS$S$ASmAaA 9 1) A 
awe: /\/\/\/V/\. -2--§ JL \I NI NIV SINS 0 SIS 


HBLANK: = / 


> 
= 
=] 
= 
oO 
att) 
_7,) 





re 1V (Frame) 


Interlaced Video Timing 


netane: f] LS -tl fle sll f] mee pe meee | eee | eee yo | a 
oe ee pp 


| 14 
VSYNC: | | | ! | r | 
| 
| 


(interlace) 1 1 
1 


\ | 
x —________-. Odd Field bh Even Field —-——-— 
{ I | 

| | t | 


VSYNC: fo se rr 
(No Interlace 


TIMING WAVEFORMS 
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Video Horizontal Sync Generator Parameters 


HBLANK: 


Cursor—Image Bit Flag 


—| fo—terk 


2x CCLK 


Se 
7 ee 
Cursor 


SU 
HBLANK ia. | a 
HSYNC * § l 
—_—__ fy 


CRS-Image Invalid 


Image 


TIMING WAVEFORMS 
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VIDEO FIELD TIMING 
m HSYNC Output Mm 
a eames BLANK Output co 


Vertical SYNC Line: 


Horizontal 
SYNC 


Horizontal 
Front Porch 


VSYNC Output 


Horizontal 
Back Porch 
Blanking LN 


Vertical Front Porch Blanked Lines 


> 
= 
= 
= 
o 
us 
” 


Y 

Y Drawing interval 

SS Additionat Drawing Interval When 
SS in Flash Mode 


Dynamic RAN Refresh if Enabled, Otherwise 
Additional Drawing Interval 


i | 
DMA Request Interval 


er aan > ali le rata 





DMA REQUEST INTERVALS 
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96¢ 


Interface 


HDC 7220 
Goc 


BLOCK DIAGRAM OF A GRAPHICS TERMINAL 





L6¢e 


MULTIPLANE DISPLAY MEMORY DIAGRAM 





Character 
Video 
Output 





STANDARD MICROSYSTEMS 


35 Marcus Blvd., Hauppauge, N.Y. 11788 
1516) 273-3100 - TWX-510-227-8898 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
———_— 


CRT 8002 


[LPC FAMILY 


CRT Video Display Attributes Controller 
Video Generator 
VDAC™ 


FEATURES PIN CONFIGURATION 
1 Onchip character generator (mask programmable) VIDEO 28 RETBL 
128 Characters (alphanumeric and graphic) LD/SH 27 CURSOR 
7x 11 Dot matrix block voc 26 MSP 
ZC On chip video shift register AD 25 MS1 
Maximum shift register frequency AM 4 BLINK 
CRT 8002A 20MHz ; 
CRT 8002B. 15MHz Ae 2a7V SUN, 
CRT 8002C 10MHz A3 22 CHABL 
Access time 400ns A4 21 REVID 
O On chip horizontal and vertical retrace video blanking AS 20 UNDLN 
XC No descender circuitry required AG 19 STKRU 
[1] Four modes of operation (intermixable) A7 18 ATTBE 
Internal character generator (ROM) Vee 17 GND 
Wide graphics Re 16 RO 
Thin graphics aaa ne 


External inputs (fonts/dot graphics) 
Oi On chip attribute logic—character, field 
Reverse video 
Character blank 
Character blink 
Underline 
Strike-thru 
C1 Four on chip cursor modes 
Underline 
Blinking underline 
Reverse video 
Blinking reverse video 
1 Programmable character blink rate 
1 Programmable cursor blink rate 





0 Subscriptable 


1 Expandable character set 
External fonts 
Alphanumeric and graphic 
RAM, ROM, and PROM 


CX On chip address buffer 

0 On chip attribute buffer 

0 +5 volt operation 

C1 TTL compatible 

CJ MOS N-channel silicon-gate COPLAMOS® process 
1 CLASP® technology—ROM and options . 

Cj Compatible with CRT 5027 VTAC® 


General Description 


The SMC CRT 8002 Video Display Attributes Controller 
(VDAC) is an N-channel COPLAMOS® MOS/LSI device 
which utilizes CLASP® technology. It contains a 
7X11X128 character generator ROM, a wide graphics 
mode, a thin graphics mode, an external input mode, 
character address/data latch, field and/or character 
attribute logic, attribute latch, four cursor modes, two 
programmable blink rates, and a high speed video 
shift register. The CRT 8002 VDAC is a companion 
chip to SMC’s CRT 5027 VTAC®. Together these two 
chips comprise the circuitry required for the display 
portion of a CRT video terminal. 


The CRT 8002 video output may be connected directly 
to a CRT monitor video input. The CRT 5027 blanking 
output can be connected directly to the CRT 8002 
retrace blank input to provide both horizontal and 
vertical retrace blanking of the video output. 


Four cursor modes are available on the CRT 8002. 
They are: underline, blinking underline, reverse video 
block, and blinking reverse video block. Any one of 
these can be mask programmed as the cursor func- 
tion. There is a separate cursor blink rate which can 
be mask programmed to provide a 15 Hz to 2 Hz blink 
rate. 


The CRT 8002 attributes include: reverse video, char- 
acter blank, blink, underline, and strike-thru. The 
character blink rate is mask programmable from 7.5 Hz 
to 1.0 Hz and has a duty cycle of 75/25. The underline 
and strike-thru are similar but independently con- 


trolled functions and can be mask programmed to any. 


number of raster lines at any position in the character 
block. These attributes are available in all modes. 


In the wide graphic mode the CRT 8002 produces a 
graphic entity the size of the character block. The 
graphic entity contains 8 parts, each of which is asso- 
ciated with one bit of a graphic byte, thereby provid- 
ing for 256 unique graphic symbols. Thus, the CRT 
8002 can produce either an alphanumeric symbol or 
a graphic entity depending on the mode selected. 
The mode can be changed on a per character basis. 


The thin graphic mode enables the user to create sin- 
gle line drawings and forms. 


The external mode enables the user to extend the on- 
chip ROM character set and/or the on-chip graphics 
capabilities by inserting external symbols. These ex- 
Pea can come from either RAM, ROM or 


299 





ama 
= 
a 
loa 
(=) 
tu 
”:, 


‘ 
mr 
t 


MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range .......... 0. cece cece ent tebe eee e ete ene eees o°C to + 70°C 
Storage Temperature Range ......... cece cece eee teenies iat ace ab HT, Sudo ccdts Bea ect — 58°C to + 150°C 
Lead Temperature (Soldering, 10 S€C.) 20... ccc cee cece ee een ee nen ee tert n ee een ee eees +325°C 
Positive Voltage on any Pin, with respect to ground 2.0... cece ene cee eee ene +8.0V 
Negative Voltage on any Pin, with respect to ground .......... ccc cc cece cette ener e nnn —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 


sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or ‘‘glitches” on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 


exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc=+5V+5%, unless otherwise noted) 


Parameter 


D.C. CHARACTERISTICS 


INPUT VOLTAGE LEVELS 
Low-level, Vit 0.8 
High-level, Vi4 2.0 


INPUT VOLTAGE LEVELS-CLOCK 
Low-level, Vit 0.8 
High-level, Vi4 4.3 


OUTPUT VOLTAGE LEVELS 
Low-level, Vo, 0.4 
High-level, Voy 2.4 


INPUT CURRENT 
Leakage, I, (Except CLOCK) 10 
Leakage, |, (CLOCK Only) 50 


INPUT CAPACITANCE 
Data__ 10 
LD/SH 20 
CLOCK 25 


POWER SUPPLY CURRENT ; 
lee 100 


A.C. CHARACTERISTICS 
See Figure 6, 7 


SYMBOL PARAMETER MIN. 


aa 
= 


Output propagation delay 
LD/SH set-up time 
| t, | LD/SHhold time 


| Min. | Typ. | Max. | Unit | 


<< 


Comments 


excluding VDC 
excluding VDC 


See Figure 6 


lo. =0.4 mA, 74LSXX load 
lon = —20uA 


0<ViwSVec 
0<Vin=Vec 


@ 1MHz 
@ 1MHz 
@ 1MHz 
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BLOCK DIAGRAM L | 


STRIKE-THRU 
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UNDERLINE GRAPHIC 
ADDRESS/DATA , Ag SELECT LOGIC 
INPUTS A7 /| ADDRESS/ 
DATA 
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RETRACE BLANK DECODER ie ei Ne 
ATTRIBUTE ENABLE 
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ae | TRE 
ae a ee 


REVERSE VIDEO 


CHARACTER BLANK —e 
UNDERLINE ATTRIBUTE i 
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ATTRIBUTE 
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SECTION V 


ALL INPUTS __ 
(except VDC, LD/SH) 


VIDEO 
OUTPUT 


FIGURE 7 
AC TIMING DIAGRAM 
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DESCRIPTION OF PIN FUNCTIONS 


INPUT/ 
PIN NO. | SYMBOL NAME OUTPUT FUNCTION 


1 Video Output The video output contains the dot stream for the selected row of the alpha- 
numeric, wide graphic, thin graphic, or external character after processing by 
the attribute logic, and the retrace blank and cursor inputs. 

In the alphanumeric mode, the characters are ROM programmed into the 
77 dots, (7X11) allocated for each of the 128 characters. See figure 5. The top 
row (Rg) and rows R12 to R15 are normally all zeros as is column C7. Thus, the 
character is defined in the box bounded by Ri to R11 and Cf to C6. When a row 
of the ROM, via the attribute logic, is parallel loaded into the 8-bit shift-register, 
the first bit serially shifted out is C7 (A zero; or a one in REVID). It is followed 
by C6, C5, through Cg. 

The timing of the Load/Shift pulse will determine the number of additional 
(— —, zero to N) backfill zeros (or ones if in REVID) shifted out. See figure 4. 


When the next Load/Shift pulse appears the next character’s row of the ROM, 
via the attribute logic, is parallel loaded into the shift register and the cycle 
repeats. 
2 Load/Shift The 8 bit shift-register parailel-in load or serial-out shift modes are established 
by the Load/ Shift input. When low, this input enables the shift register for 
serial shifting with each Video Dot Clock pulse. When high, the shift register 
parallel (broadside) data inputs are enabled and synchronous loading occurs 
On the next Video Dot Clock pulse. During parallel loading, serial data flow 
is inhibited. The Address/Data inputs (A@-A7) are latched on the negative 
transition of the Load/Shift input. See timing diagram, figure 7. 


3 VideoDotClock | 1 [Frequency at which video is shifted. 


4-11 Address/Data In the Alphanumeric Mode the 7 bits on inputs (A@-A6) are internally decoded 
to address one of the 128 available characters (A7=X). In the External Mode, 
A@-A7 is used to insert an 8 bit word from a user defined external ROM, PROM 
or RAM into the on-chip Attribute logic. In the wide Graphic Modes A@-A7 is 
used to define one of 256 graphic entities. In the thin Graphic Mode AQ-A2 is 
used to define the 3 line segments. 


12 Vee Power Supply +5 volt power supply 


13,14,15,16|R2,R3,R1,.RG} RowAddress | 1 | These 4 binary inputs define the row address in the current character block. 


17_[| GND | Ground | _GND_| Ground 
18 Attribute Enable ] A positive level on this input enables data from the Reverse Video, Character 
Blank, Underline, Strike-Thru, Blink, Mode Select ~, and Mode Select 1 inputs 
to be strobed into the on-chip attribute latch at the negative transition of 
the Load/Shift pulse. The latch loading is disabled when this input is low. 
The latched attributes will remain fixed until this input becomes high again. 
To facilitate attribute latching on a character by character basis, tie ATTBE 
high. See timing diagram, figure 7. 

19 STKRU Strike-Thru I When this input is high and RETBL=O, the parallel inputs to the shift register - 
are forced high (SR@-SR7), providing a solid line segment throughout the 
character block. The operation of strike-thru is modified by Reverse Video 
(see table 1). In addition, an on-chip ROM programmable decoder is available 
to decode the line count on which strike-thru is to be placed as well as to 
program the strike-thru to be 1 to N raster lines high. Actually, the strike-thru 
decoder (mask programmable) logic allows the strike-thru to be any number 
or arrangement of horizontal lines in the character block. The standard strike- 
| ; | thru will be a double line on rows R5 and R6. 


Underline When this input is high and RETBL=O, the parallel inputs to the shift register 
are forced high (SR@-SR7), providing a solid line segment throughout the 
Character block. The operation of underline is modified by Reverse Video 
(see table 1). In addition, an on-chip ROM programmable decoder is available 
to decode the line count on which underline is to be placed as well as to 
program the underline to be 1 to N raster lines high. Actually, the underline 
decoder (mask programmable) logic allows the underline to be any number 
or arrangement of horizontal lines in the character block. The standard under- 
line will be a single line on R11. 





























Character Blank 


When this input is high, the parallel inputs to the shift register are all set low, 
providing a blank character line segment. Character blank will override blink. 
The operation of Character Blank is modified by the Reverse Video input. 


21 REVID Reverse Video When this input is low and RETBL =O, data into the Attribute Logic is presented 
directly to the shift register parallel inputs. When reverse video is high data 
into the Attribute Logic is inverted and then presented to the shift register 
parallel! inputs. This operation reverses the data and field video. See table 1. 





See table 1. 
23 V SYNC V SYNC This input is used as the clock input for the two on-chip mask programmable 
blink rate dividers. The cursor blink rate (50/50 duty cycle) will be twice the 
character blink rate (75/25 duty cycle). The divisors can be programmed from 
+ 4to + 30 for the cursor(+ 8 to + 60 for the character). 


24 BLINK Blink When this input is high and RETBL=0 and CHABL=0, the character will blink 
at the programmed character blink rate. Blinking is accomplished by blanking 
the character block with the internal Character Blink clock. The standard 
character blink rate is 1.875 Hz. 


| 
25 MS1 Mode Select 1 | These 2 inputs define the four modes of operation of the CRT 8002 as follows: 
26 MS¢6 Mode Select | Alphanumeric Mode— In this mode addresses AQ-A6 (A7=X) are in- 
ternally decoded to address 1 of the 128 available ROM characters. The 
addressed character along with the decoded row will define a 7 bit output 
Alphanumeric from the ROM to be loaded into the shift register via the attribute logic. 


Thin Graphics Thin Graphics Mode—In this mode AQ-A2 (A3-A7=X) will be loaded 
External Mode into the thin graphic logic along with the row addresses. This logic will 
capris aca define the segments of a graphic entity as defined in figure 2. The top of 
Wide Graphics the entity will begin on row 0000 and will end on a mask programmable row. 
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DESCRIPTION OF PIN FUNCTIONS 


INPUT/ 
PIN NO. | SYMBOL NAME OUTPUT FUNCTION 


25 External Mode —In this mode the inputs AQ-A7 go directly from the 
26 character latch into the shift register via the attribute logic. Thus the user 
(cont.) may define external character fonts or graphic entities in an external 


PROM. ROM or RAM. See figure 3. 

Wide Graphics Mode—In this mode the inputs A@-A7 will define a graphic 
entity as described in figure 1. Each line of the graphic entity is determined 
by the wide graphic logic in conjunction with the row inputs R@ to R3. In 
this mode each segment of the entity is defined by one of the bits of the 
8 bit word, Therefore, the 8 bits can define any 1 of the 256 possible graphic 
entities. These entities can butt up against each other to form a contiguous 
pattern or can be interspaced with alphanumeric characters. Each of the 
entities occupies the space of 1 character block and thus requires 1 byte 


of memory. 
These 4 modes can be intermixed on a per character basis. 
27 CURSOR | Cursor When this input is enabled 1 of the 4 pre-programmed cursor modes will be 


activated. The cursor mode is on-chip mask programmable. The standard cur- 
sor will be a blinking (at 3.75Hz) reverse video block. The 4 cursor modes are: 
Underline—!n this mode an underline (1 to N raster lines) at the programmed 
underline position occurs. 
Blinking Underline—In this mode the underline blinks at the cursor rate. 
Reverse Video Block—In this mode the Character Block is set to reverse 
video. 
Blinking Reverse Video Block—In this mode the Character Block is set to 
reverse video at the cursor blink rate. The Character Block will alternate 
between normal video and reverse video. 
The cursor functions are listed in table 1. 


28 RETBL Retrace Blank I When this input is latched high, the shift register parallel inputs are uncon- 
ditionally cleared to all zeros and loaded into the shift register on the next 
(oad/ SP ft pulse. This blanks the video, independent of all attributes, during 
horizontal! and vertical retrace time. 











TABLE 1 
CURSOR FUNCTION : 
X 1 xX x “0” S.R. All 4 
0 0 0 0 D  (§.R.) Al! S 
0 0 0 1 “eq (Ss. R. )* (7) 
D_ (S.R.) All others 
0 0 0 X “0” (S.R.) All 
0 0 1 0 D_ (S.R.) All 
0 0 1 1 “0” (S. R. )* 
D  (S.R.) All others 
0 0 1 X “4” (S.R.) All 
Underline” 0 0 0 X “4” (S.R.)* 
D = (S.R.) All others 
Underline* 0 0 1 X “4” (S.R.)* 
“0” (S.R.) All others 
Underline* 0 1 0 X “0” (S.R.)* 
(S.R.) All others 
Underline* 0 1 1 X “9” (S.R.)* 
“4” (S.R.) All others 
Blinking* * Underline* 0 0 0 X “4” (S.R.)* Blinking 
D_ (S.R.) All others 
Blinking* * Underline* 0 0 1 X “4” (S.R.)* Blinking 
“QO” (S.R.) All others 
Blinking** Underline* 0 1 0 X “9” (S.R.)* Blinking 
(S.R.) All others 
Blinking* * Underline” 0 1 1: Xx “0” (S.R.)* Blinking 
_ 4" (S.R.) All others 
REVID Block 0 0 0 0 D (S.R.) All 
REVID Block 0 0 0 1 “0” (S.R.)* 
D (S.R.) All others 
REVID Block 0 0 1 X “4” (S.R.) All 
REVID Block 0 0 0 1 “Oo” (S.R.}* 
D  (S.R.) All others 
REVID Block 0 1 0 0 D = (S.R.) All 
REVID Block 0 1 0 1 “4” (S.R.)* 
D  (S.R.) All others 
REVID Block 0 1 1 X “0” (S.R.) All 
Blink* * REVID Block 0 0 0 0 
Blink* * REVID Block 0 0 0 1 
Blink* * REVID Block 0 0 1 X Alternate Normal Video/REVID 
Blink* * REVID Block 0 1 0 0 At Cursor Blink Rate 
Blink** REVID Block 0 1 0 1 
Blink* * REVID Block 0 1 1 X 


*AtSelectedRow Decode **AtCursor Blink Rate 
Note: lf Character is Blinking at Character Rate, Cursor will change it to Cursor Blink Rate. 
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FIGURE 5 
ROM CHARACTER BLOCK FORMAT 


oO 
@ouuooo0sao00 
@oougco0sD0 
gsocosoo0so0 

@ouooDenooo 


goooo0n0000n0 

doco00000n000 oo 

BoogoocoUcd ouooeo000c00 
Ooosoc00000 
ocecacooo000 
Qsgoco0g000G 
Seeuesseaco 


Oooo#8cOBsOONU | OO0o0@cdc00cN | aoD00000000 
oo oocgodo | cooecseoocdg | 
aooccdg | cai 
ooccoo 


oo | coOuo0000cN | DooODDdoOCe | oooDooooOEDO 
oo |Oooo0000C0C0 | DovOuDDeneA | oouo0cdo! 
90000000000 | #coo0gco0800 | oooo000o: Ogooosoco0N | DoOooc00oBoo | COUoDO0G00RO 
gooo00000! OO | agscoessooo 
ooooo000! 


uvoosooso 


VDC TIMING) 


agoouocag0Ld" | soocooooeco 
ooooco00nto j Osococosooo 
gooogogenad oosooo0s0co0 


NUMBER CONTROLLED 


( 
BY LD/SH, 


ooougononr:G joooccousag | DoOoO00000000 J noOo00000000 
oooo00090V:0 a0! Oo | Qoosooocoseco 
Sooo0go00CO0 lal 

co 





EXTENDED ZEROS (BACK FILL) 
FOR INTERCHARACTER SPAC- 


ING 


felel 
gooco00u000 
oooosonnann 


eooooosc00 
sooooocosa0 
oogges00n00 
ooo050000000 


ooooa'! 
ooooo 


OG} 309900C | doGg0000 


jo000 | OO00000 | 2000000 | Go000: 
0000 | ooo0000| oo00050 | cocoon! 
(aq | CoGGGGG | 9900006 | S00000¢ | S5G0c00 | 19005 


) 


=0 


osecoocgs! bdo | OOoo0000N0gp | cooo0000000 
OO000D! oO |} OoOoso00s000 pogosnoeags 


REVID 


COLUMN 7 IS SHIFTED OUT FIRST 








ojo oo CoC Doo ODD 0C 8 


oO 
an 
O 
oc 
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| 
= 
= 


Ooaooao0oe0oe0oe0neneoeecoeeo oo oO Oo 


J, 


*C7 C6 C5 C4 C3 C2 Ci CH 


8 
i=) 
oO 
- 
& 
° 
3 
a 
| 
o 
o 
| 
c=3 
So 
So 
a 
< 


A3. 


77 BITS 








(7x11 ROM) 
(ALL ZEROS) 
*COLUMN 7 IS ALL ZEROS ( 


CONSULT FACTORY FOR CUSTOM FONT AND OPTION PROGRAMMING FORMS. 
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FIGURE 1 


WIDE GRAPHICS MODE 
5BITS** NBITS** MS8=68 MS1=6 


3 LINES* 
3 LINES 
3 LINES 


3 LINES 


“ON CHIP ROM PROGRAMMABLE TO 2, 3, OR 4 LINE MULTIPLES 
**CAN BE PROGRAMMED FROM 1 TO 7 BITS 
***LENGTH DETERMINED BY LD/SH, VDC TIMING 


EXAMPLE: 10010110 


\ 
MONON VOSILE, 
| 


NOTE: Unselected raster line rows 


are always filled with ones. 
Wl _| 


BF =back fill 


FIGURE 2 
THIN GRAPHICS MODE 


Ms¢g=9 MSi=1 C7 C6 C5 C4 C3 C2 Cl CM BF BF... 


— ROW 0000 ; Re 
R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 


— PROGRAMMABLE 
ROW 


R13 
R14 
R15 


r---------] 


---+ 


NOTE: When A1 =“'1"," the underline 
X=DON’T CARE row/rows are deleted. 


* THE INSIDE SEGMENT IS MASK PROGRAMMABLE When A1 = "0", the underline, 
TO ROW 0000 if selected, will appear. 


** LENGTH DETERMINED BY LD/SH, VDC TIMING BF = back fill 


FIGURE 3 
EXTERNAL MODE 
MS#=1 MS1=¢ 


C7 C6 C5 C4 C3 C2 C1 CO BF BF 


mms [os] ]s [lea 


BF = back fill 
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FIGURE 4 TYPICAL VIDEO OUTPUT 
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STANDARD MICROSYSTEMS 
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THIN GRAPHICS MODE 


WIDE GRAPHICS MODE 
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1°, the underline 


row/rows are deleted. 
When A1="0"", the underline, 


if selected, will appear. 


NOTE: When Al 
back fill 


are always filled with ones. 


NOTE: Unselected raster line rows 


BF= 


back fill 


BF= 





ATTRIBUTES 


The character blink rate will be 1.875 Hz 


Strike-Thru 


Blink Rate 
king at3.75 Hz Thestrike 
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STANDARD MICROSYSTEMS CRT 8002H 


[LPC FAMILY 
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CRT Video Display Atiributes Controller 
Video Generator 
VDAC™ 


FEATURES PIN CONFIGURATION 

LJ) On chip character generator (mask programmable) VIDEO RETBL 
128 Characters (alphanumeric and graphic) LD/SH CURSOR 
7x 11 Dot matrix block voc MS 

CJ On chip video shift register AQ MS1 
Maximum shift register frequency 25 MHz o ee 

CL] ROM Access time 310 ns Ag Dae 

CJ On chip horizontal and vertical retrace video blanking 

LJ No descender circuitry required AS PASE 

(] Four modes of operation (intermixable) aa Sates 
Internal character generator (ROM) AS UNOLN oa 
Wide graphics A6 STKRU > 
Thin graphics A7 ATTBE = 
External inputs (fonts/dot graphics) Vec 12 GND 7 

C] Onchip attribute logic — character, field R2 130 RO a 
Reverse video R3 140 R1 


Character blank 
Character blink 
Underline 
Strike-thru 


LJ On chip cursor 

L] Programmable character blink rate 
L] Programmable cursor blink rate 

LI] Subscriptable 


L] Expandable character set 
External fonts 
Alphanumeric and graphic 
RAM, ROM, and PROM 


General 


. The SMC CRT 8002H Video Display Attributes Controller 
(VDAC) is an n-channel COPLAMOS® MOS/LSI de- 
vice. It contains a 7X11X128 character generator ROM, 
a wide graphics mode, a thin graphics mode, an external 
input mode, character address/data latch, field and/or 
character attribute logic, attribute latch, four cursor 
modes, two programmable blink rates, and a high speed 
video shift register. The CRT 8002H VDAC is a com- 
panion chip to SMC’s CRT 5027/37 VTAC®. Together 
these two chips comprise the circuitry required for the 
display portion of a CRT video terminal. 


The CRT 8002H video output may be connected directly 
to a CRT monitor video input. The CRT 5027/37 blanking 
output can be connected directly to the CRT 8002H 
retrace blank input to provide both horizontal and 
vertical retrace blanking of the video output. 


The CRT 8002H attributes include: reverse video, char- 
acter blank, blink, underline, and strike-thru. The 
character blink rate is mask programmable from 7.5 Hz 
to 1.0 Hz and has a duty cycle of 75/25. The underline 





C On chip address buffer 

L] On chip attribute buffer 

C] +5 volt operation 

L] TTL compatible 

CL] N-channel COPLAMOS® Titanium 
Disilicide Process 

CL] Compatible with CRT 5027/37 VTAC® 


Description 


and strike-thru are similar but independently controlled 
functions and can be mask programmed to any number 
of raster lines at any position in the character block. 
These attributes are available in all modes. 


In the wide graphic mode the CRT 8002H produces a 
graphic entity the size of the character block. The 
graphic entity contains 8 parts, each of which is asso- 
ciated with one bit of a graphic byte, thereby providing 
for 256 unique graphic symbols. Thus, the CRT 8002H 
can produce either an alphanumeric symbol ora graphic 
entity depending on the mode selected. The mode can 
be changed on a per character basis. 


The thin graphic mode enables the user to create single 
line drawings and forms. 


The external mode enables the user to extend the on- 
chip ROM character set and/or the on-chip graphics 
capabilities by inserting external symbols. These ex- 
pai symbols can come from either RAM, ROM or 
PROM. 
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MAXIMUM GUARANTEED RATINGS* | 
Operating Temperature/Rande 25s fuera ie Ay deere aniren seas eeathoh ene p tenemos 0°C to + 70°C 


Storage Temperature Range ...... ce ene teen eee e ee tenets —55°C to + 150°C 
Lead Temperature (soldering, 10 SEC.) 2... cee ne eee etn e teen eee nes era ere +325°C 
Positive Voltage on any Pin, with respect to ground ...... cc eee eee e eee e nena +8.0V 
Negative Voltage on any Pin, with respect to Ground ....... ee eee eee teen een n eens -0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or “glitches” on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc=+5V+5%, unless otherwise noted) 








Parameter Comments 


D.C. CHARACTERISTICS 


INPUT VOLTAGE LEVELS 
Low-level, Vi, 
High-level, Vi, 


INPUT VOLTAGE LEVELS-CLOCK 
Low-level, Vi. 
High-level, V,, 


OUTPUT VOLTAGE LEVELS 
Low-level, Vo, 





excluding VDC 
excluding VDC 


See Figure 6 


lop = 0.4 mA, 74LSXX load 

































































High-level, Voy lon = —20pnA 
INPUT CURRENT 
Leakage, I, (Except CLOCK) O0<Vin=Vec 
Leakage, I, (CLOCK Only) 0<Vin=Vee 
INPUT CAPACITANCE 
Data__ @ 1MHz 
LD/SH @ 1 MHz 
CLOCK @ 1MHz 
POWER SUPPLY CURRENT 
cc 
A.C. CHARACTERISTICS 
See Figure 6, 7 
SYMBOL PARAMETER oe! UNITS 
VDC Video Dot Clock Frequency 
PW VDC—High Time 
_tey LD/SH cycle time 
tset-up Input set-up time 
tHoLb Input hold time 
tepi, tppo Output propagation delay 27 
ti LD/SH set-up time 
te LD/SH bald time 5 . 
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BLOCK DIAGRAM 


ADDRESS/DATA , Ag 


INPUTS A7/| ADDRESS/ 


DATA 
LATCH 


CURSOR 
RETRACE BLANK 


ATTRIBUTE ENABLE 


MODE SELECT 6 
MODE SELECT 1 


REVERSE VIDEO 
CHARACTER BLANK 


UNDERLINE ATTRIBUTE 


BLINK > 


STRIKE THRU ———| 


VIDEO DOT CLOCK 
LOAD/SHIFT 


ALL INPUTS __ 
(except VDC, LD/SH) 


VIDEO 
OUTPUT 


FIGURE 7 
AC TIMING DIAGRAM 


STRIKE-THRU 


SELECT 


UNDERLINE 
SELECT 
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DECODER ie 


ROW ADDRESS 
ROB-R3 


£ 


LINE 
DECODER 
GRAPHIC 


LOGIC 
7x 11x 128 
ROM 


ATTRIBUTE 
LOGIC 


REGISTER 
8 BIT 









PIN NO. 
VIDEO 


LD/SH 






SYMBOL 


DESCRIPTION OF PIN FUNCTIONS 


Video Output 


Load/Shift 





INPUT/ 
OUTPUT 




















FUNCTION 


The video output contains the dot stream for the selected row of the alpha- 
numeric, wide graphic, thin graphic, or external character after processing by 
the attribute logic, and the retrace blank and cursor inputs. 

In the alphanumeric mode, the characters are ROM programmed into the 
77 dots, (7X11) allocated for each of the 128 characters. See figure 5. The top 
row (Rf) and rows R12 to R15 are normally all zeros as is column C7. Thus, the 
character is defined in the box bounded by Ri to R11 and Cf to C6. When a row 
of the ROM, via the attribute logic, is parallel loaded into the 8-bit shift-register, 
the first bit serially shifted out is C7 (A zero; or a one in REVID). It is followed 
by C6, C5, through Cg. 

The timing of the Load/Shift pulse will determine the number of additional 
(— —, zero to N) backfill zeros (or ones if in REVID) shifted out. See figure 4. 
When the next Load/Shift pulse appears the next character’s row of the ROM, 
via the attribute logic, is parallel loaded into the shift register and the cycle 
repeats. 

The 8 bit shift-register parallel-in load or serial-out shift modes are established 
by the Load/Shift input. When low, this input enables the shift register for 
serial shifting with each Video Dot Clock pulse. When high, the shift register 
parallel (broadside) data inputs are enabled and synchronous loading occurs 
on the next Video Dot Clock pulse. During parallel loading, serial data flow 
is inhibited. The Address/Data inputs (Ag-A7) are latched on the negative 
transition of the Load/Shift input. See timing diagram, figure 7. 


























A positive level on this input enables data from the Reverse Video, Character 


3 Video Dot Clock Frequency at which video is shifted. 
4-11 AG-A7 Address/ Data \ In the Alphanumeric Mode the 7 bits on inputs (A@-A6) are internally decoded 
to address one of the 128 available characters (A7 =X). In the External Mode, 
A@-A7 is used to insert an 8 bit word from a user defined external ROM, PROM 
or RAM into the on-chip Attribute logic. In the wide Graphic Modes AQ-A7 is 
used to define one of 256 graphic entities. In the thin Graphic Mode A@-A2 is 
| used to define the 3 line segments. 
12 Vec Power Supply PS +5 volt power supply 
13,14,15,16/R2,R3,R1,.RG| Row Address | These 4 binary inputs define the row address in the current character block. 
17 GND Ground GND _ | Ground 
18 ATTBE Attribute Enable I 


Blank, Underline, Strike-Thru, Blink, Mode Select $, and Mode Select 1 inputs 
to be strobed into the on-chip attribute latch at the negative transition of 
the Load/Shift pulse. The latch loading is disabled when this input is low. 
The latched attributes will remain fixed until this input becomes high again. 
To facilitate attribute latching on a character by character basis, tie ATTBE 
| high. See timing diagram, figure 7. 





| STRR oof 
19 STKRU 


Strike-Thru 


When this input is high and RETBL=0, the parallel inputs to the shift register 
are forced high (SR@-SR7), providing a solid line segment throughout the 
character block. The operation of strike-thru is modified by Reverse Video 
(see table 1). In addition, an on-chip ROM programmable decoder is available 
to decode the line count on which strike-thru is to be placed as well as to 
program the strike-thru to be 1 to N raster lines high. Actually, the strike-fhru 
decoder (mask programmable) logic allows the strike-thru to be any number 
or arrangement of horizontal lines in the character block. The standard strike- 


thru will be a double line on rows R5 and R6. 





20 UNDLN 


21 


REVID 





22 CHABL 


Underline 


Reverse Video 


Character Blank 


When this input is high and RETBL=0Q, the parallel inputs to the shift register 
are forced high (SR@-SR7), providing a solid line segment throughout the 
character block. The operation of underline is modified by Reverse Video 
(see table 1). In addition, an on-chip ROM programmable decoder is available 
to decode the line count on which underline is to be placed as well as to 
program the underline to be 1 to N raster lines high. Actually, the underline 
decoder (mask programmable) logic allows the underline to be any number 
or arrangement of horizontal lines in the character block. The standard under- 
line will be a single line on R11, 


When this input is low and RETBL=0, data into the Attribute Logic is presented 
directly to the shift register parallel inputs. When reverse video is high data 
into the Attribute Logic is inverted and then presented to the shift register 
parallel inputs. This operation reverses the data and field video. See table 1. 
When this input is high, the parallel inputs to the shift register are all set low, 
providing a blank character line segment. Character blank will override blink. 





The operation of Character Blank is modified by the Reverse Video input. 
See table 1. 
23 V SYNC 





V SYNC 





24 


BLINK Blink 


This input is used as the clock input for the two on-chip mask programmable 
blink rate dividers. The cursor blink rate (50/50 duty cycle) will be twice the 
character blink rate (75/25 duty cycle). The divisors can be programmed from 
+ 4to + 30 for the cursor(+ 8to + 60 for the character). 





When this input is high and RETBL=0 and CHABL=0, the character will blink 
at the programmed character blink rate. Blinking is accomplished by blanking 
the character block with the internal Character Blink clock. The standard . 
| character blink rate is 1.875 Hz. 








Mode Select 1 
Mode Select % 





Alphanumeric 


Thin Graphics 
External Mode 
Wide Graphics 








These 2 inputs define the four modes of operation of the CRT 8002 as follows: 
Alphanumeric Mode -— In this mode addresses AQ-A6 (A7=X) are in- 
ternally decoded to address 1 of the 128 available ROM characters. The 
addressed character along with the decoded row will define a 7 bit output 
from the ROM to be loaded into the shift register via the attribute logic. 
Thin Graphics Mode— In this mode AQ-A2 (A3-A7=X) will be loaded 
into the thin graphic logic along with the row addresses. This logic will 
define the segments of a graphic entity as defined in figure 2. The top of 
the entity will begin on row 0000 and will end on a mask programmable row. 
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DESCRIPTION OF PIN FUNCTIONS 


INPUT/ 
.| SYMBOL NAME OUTPUT 










FUNCTION 


External Mode —In this mode the inputs A@-A7 go directly from the 

character latch into the shift register via the attribute logic. Thus the user 
may define external character fonts or graphic entities in an external 
PROM, ROM or RAM. See figure 3. 
Wide Graphics Mode—In this mode the inputs A@-A7 will define a graphic 
entity as described in figure 1. Each line of the graphic entity is determined 
by the wide graphic logic in conjunction with the row inputs R@ to R3. In 
this mode each segment of the entity is defined by one of the bits of the 
8 bit word. Therefore, the 8 bits can define any 1 of the 256 possible graphic 
entities. These entities can butt up against each other to form a contiguous 
pattern or can be interspaced with alphanumeric characters. Each of the 
entities occupies the space of 1 character block and thus requires 1 byte 
of memory. 

These 4 modes can be intermixed on a per character basis. 


27 CURSOR | Cursor | When this input is enabled 1 of the 4 pre-programmed cursor modes will be 
activated. The cursor mode is on-chip mask programmable. The standard cur- 
sor will be a blinking (at 3.75Hz) reverse video block. The 4 cursor modes are: 
Underline—In this mode an underline (1 to N raster lines) at the programmed 
underline position occurs. 
Blinking Underline—tn this mode the underline blinks at the cursor rate. 
Reverse Video Block—In this mode the Character Block is set to reverse 
video. 
Blinking Reverse Video Block—In this mode the Character Block is set to 
reverse video at the cursor blink rate. The Character Block will alternate 
between normal video and reverse video. 
The cursor functions are listed in table 1. 


28 RETBL Retrace Blank l When this input is latched high, the shift register parallel inputs are uncon- 
ditionally cleared to all zeros and loaded into the shift register on the next 
Coad’ Shi ft pulse. This blanks the video, independent of all attributes, during 






(cont.) 


























Heplzonta) and vertical retrace time. 































TABLE 1 
CURSOR REVID CHABL | UNDLN* FUNCTION 
xX 1 X Xx X “0” SLR. All 
0 0 0 0 0 D (§.R.) All 
0 0 0 0 1 “47 (S.R.)* 
D (S.R.) All others 
0 0 0 1 X “0”  (S.R.) All 
0 0 1 0 0 D = (S.R.) All 
0 0 1 0 1 “QO” (S.R.)* 
D_ (S.R.) All others 
0 0 1 1 X “4? (S.R.) All 
Underline* 0 0 0 X “477 (S.R.)* 
D  (S.R.)-All others 
Underline” C 0 X “q"  (S.R.)*. 
“QO” (S.R.) All others 
Underline* 0 1 X “Oo” (S.R.)* 
D (S.R.) All others 
Underline* 0 1 xX “QO” (S.R.)* 
: “4” (S.R.) All others 
Blinking* * Underline* f 0. 0 0 X “4”? (S.R.)* Blinking 
D_ (S.R.) All others 
Blinking* * Underline* 0 0 1 Xx “4”? (S.R.)* Blinking 
“QO” (S.R.) All others 
Blinking* * Underline* 0 1 0 xX “QO” (S.R.)* Blinking 
(S.R.) All others 
Blinking* * Underline* 0 1 1 X “QO” (S.R.)* Blinking 
“47? (S.R.) All others 
REVID Black 0 0 0 0 D = (S.R.) All 
REVID Block 0 0 0 1 “QO” (S.R.)* 
D  (S.R.) All others 
REVID Block 0 0 1 X “47 (S.R.) All 
REVID Block 0 0 0 1 “QO” (S.R.)* 
D  (S.R.) All others 
REVID Block 0 1 0 0 D (S.R.) All 
REVID Block 0 1 0 1 “4” (S.R.)* 
D_ (S.R.) All others 
REVID Block 0 1 1 X “O”  (S:R.) All 
Blink* * REVID Block 0 0 0 0 
Blink* * REVID Block om 0 0 4 
Blink** REVID Block 0 0 1 X Alternate Norma! Video/REVID 
Blink** REVID Block 0 1 0 0 At Cursor Blink Rate 
Blink* * REVID Block 0 1 0 1 
Blink** REVID Block 0 1 1 X 


*AtSelected Row Decode **At Cursor Blink Rate 
Note: If Character is Blinking at Character Rate, Cursor will change it to Cursor Blink Rate. 
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FIGURE 5 
ROM CHARACTER BLOCK FORMAT 
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77 BITS 


(7x11 ROM) 
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( 


FOR INTERCHARACTER SPAC- 
ING (NUMBER CONTROLLED 


EXTENDED ZEROS (BACK FILL) 
BY LD/SH, VDC TIMING) 


*COLUMN 7 IS ALL ZEROS (REVID 
COLUMN 7 IS SHIFTED OUT FIRST 
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CONSULT FACTORY FOR CUSTOM FONT AND OPTION PROGRAMMING FORMS. 
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FIGURE 1 


WIDE GRAPHICS MODE 
MSS=8 MS1=98 


5 BITS** NBITS** 


3 LINES* 
3 LINES 
3 LINES 


3 LINES 


*ON CHIP ROM PROGRAMMABLE TO 2, 3, OR 4 LINE MULTIPLES 
**CAN BE PROGRAMMED FROM 1 TO 7 BITS 
***LENGTH DETERMINED BY LD/SH, VDC TIMING 


EXAMPLE: 10010110 


| (GGG NOTE: Unsé 
. YW ge neaog f aranpihiag 
WA, 


BF = back fill 


FIGURE 2 | 
THIN GRAPHICS MODE 


MS#=9 MS1=1 C7 C6 C5 C4 C3 C2 C1 CM BF BF... 


R& 
R1 
R2 
R3 
R4 
RS 
R6 
R7 
R8& 
RQ 


— PROGRAMMABLE 
ROW 


row/rows are deleted. 
sae isin eeucal iS MASK PROGRAMMABLE Fete eg Cong epee: 
TO ROW 0000 if selected, will appear. 


* LENGTH DETERMINED BY LD/S5H, VDC TIMING BF=back fill 


FIGURE 3 
EXTERNAL MODE 
MS#=1 MS1=6 


C7 C6 C5 C4 C3 C2 C1 CO BF BF 


mows [ares [|] [se] 


BF=back fill 
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FIGURE 4 TYPICAL VIDEO OUTPUT 
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VIDEO DATA 
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V SYNC 
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8 CHARACTER COLUMN 
6 CHARACTER ROW 


CHARACTER 
ADDRESS 


Bus RASTER 
MICRO- SCAN 
PROCESSOR SELECTOR COUNTER 
WITH 
OPTIONAL 
MEMORY DATA 
MAPPING 
CIRCUIT ATTRIBUTES VDAC™ 
(IF REQUIRED) 7) CRT 8002H 


ADDRESS VIDEO DOT SERIAL 
OUTPUT 


DV14d YOSHND 


*2-PORT RAM 
1Kx8 TO 4Kx8 
CHARACTER TIMING 
FRAME OUT 


FROM 
Lip auls DoT COUNTER CRT 5027 VTAC 


-OR 1 PORT RAM Pee) ee CRT 8002 VDAC 
cee WITH BI-DIRECT CLOCK uP CONFIGURATION 

RAM & ROM ; PORT 

(FOR uP) 


FIGURE 6 VDC (to chip) 


CP exrernat LD/SH (to chip) 


LOAD/ SH | FT EXTERNAL 





STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 


tions; consequently complete information sufficient for construction purposes is not necessarily given. The 


CORPORATION information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
Urea Bick SEES NY assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
e310 treo devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 


at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS CRT 8021 


Soac ale CRT 8021-003 
= UPC FAMILY 








fo votnaneind ince samasnsnnuamnmmmnsaanensand thane dedltnran’ 











CRT Video Attributes Controller 
Video Generator 
VAC 


FEATURES PIN CONFIGURATION 


LJ ON CHIP VIDEO SHIFT REGISTER 
Maximum shift register frequency — 20MHz 


Maximum character clock rate — 2.5MHz 1 RETBL 
OUON CHIP HORIZONTAL AND VERTICAL RETRACE 2 CURSOR 
VIDEO BLANKING : Msg 
CON CHIP GRAPHICS GENERATION : te 
OION CHIP ATTRIBUTE LOGIC- CHARACTER, FIELD 6 VSYN 
Reverse video 7 CHABL 
Character blank 8 REVID 
Character blink 9 UNDLN 
Underline STKRU 
Strike-thru ATTBE 
OLON CHIP BLINKING CURSOR . GND 


CON CHIP DATA BUFFER BO 
CON CHIP ATTRIBUTE BUFFER a 
(1 +5 VOLT OPERATION 
CO TTL COMPATIBLE 





CL] MOS N-CHANNEL SILICON-GATE COPLAMOS® CL) COMPATIBLE WITH CRT 5027/37 VTAC® AND 
PROCESS CRT 9007 VPAC 
GENERAL DESCRIPTION 
The SMC CRT 8021 Video Attributes Controller (VAC) strike-thru are similar but independently controlled 
isan n-channel COPLAMOS® MOS/LSI device. It con- functions. These attributes are available in all modes. 


tains wide and thin graphics logic, attributes logic, a 
data latch, field and character attribute latch, a blinking 
cursor, and a high speed video shift register. The CRT 


The thin graphic mode enables the user to create single 
line drawings and forms. 


8021 VAC isa companion to SMC’s CRT 5027/37 VTAC® In the wide graphic mode the CRT 8021 produces a 
or CRT 9007 VPAC. The CRT 8021 and a character ROM graphic entity the size of the character block. The graphic 
combined with either a CRT 5027/37 or a CRT 9007 com- entity contains 8 parts, each of which is associated with 
prises the major circuitry required for the display portion one bit of a graphic byte, thereby providing 256 unique 
of a CRT video terminal. graphic symbols. Thus, the CRT 8021 can produce either 
The CRT 8021 video output may be connected directly alphanumeric symbols or various graphic entities 
to a CRT monitor video input. The CRT 5027/37 or depending on the mode selected. The mode can be 
CRT 9007 blanking output can be connected directly to changed on a per character basis. 

the CRT 8021 retrace blank input to provide both horizon- The CRT 8021 is available in two versions. The CRT 8021 
tal and vertical retrace blanking of the video output. provides an eight-part graphic entity which fills the 
A blinking cursor is available on the CRT 8021. There isa character block. The CRT 8021 is designed for seven dot 
separate cursor blink rate which is twice the character wide, nine or eleven dot high characters in nine by twelve 
blink rate and has a duty cycle of 50/50. or ten by twelve character blocks. 

The CRT 8021 attributes include: reverse video, character The CRT 8021-003 provides a six part graphic entity for 
blank, blink, underline, and strike-thru. The character five by seven or five by nine characters in character blocks 
blink rate has a duty cycle of 75/25. The underline and of up to seven by ten dots. 
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ROW ADDRESS 
RQ-R3 


BLOCK DIAGRAM | | 


STRIKE-THRU 


SELECT LINE 
DECODER 
UNDERLINE GRAPHIC 
ADDRESS/DATA 8 Ag SELECT LOGIC 


INPUTS ‘A7 /} ADDRESS/ 
DATA 


CURSOR Eee 


RETRACE BLANK 


ATTRIBUTE ENABLE 


MODE SELECT 9 
MODE SELECT 1 


REVERSE VIDEO 
CHARACTER BLANK 


ATTRIBUTE 
UNDERLINE LATCH ATTRIBUTE 


LOGIC 


BLINK —-——_> 


STRIKE THRU ———e 


SHIFT 
VIDEO DOT CLOCK REGISTER 


LOAD/SHIFT 8 BIT 


ALL INPUTS ___ 
(except VDC, LD/SH) 


VIDEO 
OUTPUT 


FIGURE 1 
AC TIMING DIAGRAM 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ....... eee cece cece ete cee e eect e beeen eeeeetasneeves O°C to+ 70°C 
Storage Temperature Range: thea 5 etek aw casino Oe cake Voie USence b ohne s SASS Va ROSS esa —55°C to +150°C 
Lead: Temperature (soldering, JOSeC) c.ccccetuss ens cua rinse tee eet e sea be teae es wed a kas eos +325° C 
Positive Voltage on any Pin, with respect to Ground ......... ccc cc cect cence cnet eee e eens eeseeues +8.0V 
Negative Voltage on any Pin, with respect to QroUnd ......... ccc ccc ccc cette een eens ee eeeeenes —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in the 
operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or “glitches” on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta = 0°C to 70°C, Vcc = +5V +5%, unless otherwise noted) 


Parameter [_Min. | Typ. | Max. | Unit Comments 


D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 





Low-level, Vit 0.8 V excluding VDC 

High-level, Vin 2.0 V excluding VDC 
INPUT VOLTAGE LEVELS-CLOCK 

Low-level, Vit 0.8 Vv 

High-level, Vin 4.3 Vv See Figure 7 
OUTPUT VOLTAGE LEVELS 

Low-level, Vor 0.4 V lo. =0.4 mA, 74LSXX load 

High-level, Vou 2.4 V lon =—-20 vA 
INPUT CURRENT 

Leakage, I. (Except CLOCK) 10 LA OSVinSVec 

Leakage, IL (CLOCK Only) 50 UA O<Vin<Vec 
INPUT CAPACITANCE 

Data__ 10 pF @ 1 MHz 

LD/SH 20 pF @ 1 MHz 

CLOCK 25 pF @ 1 MHz 
POWER SUPPLY CURRENT 

loc 100 mA 


A.C. CHARACTERISTICS 
See Figure 6, 7 


SYMBOL PARAMETER 


treo, tepo Output propagation delay 
th LD/SH set-up time 








323 


DESCRIPTION OF PIN FUNCTIONS 


INPUT/ 
SYMBOL NAME OUTPUT FUNCTION 


VIDEO Video Output The video output contains the dot stream for the selected row of the wide graphic, thin 
graphic, or external character after processing by the attribute logic, and the retrace 
LD/SH Load/Shift 


blank and cursor inputs. 
VDC Video Dot Clock 


The timing of the Load/Shift pulse will determine the number of additional (— —, 
4-11 AQ-A7 Address/Data 





PIN NO. 


zero to N) backfill zeros (or ones if in REVID) shifted out. See figure 4. 


When the next Load/Shift pulse appears the next character via the attribute logic, is 
parallel loaded into the shift register and the cycle repeats. 


The 8 bit shift-register parallel-in load or serial-out shift modes are established by 
the Load/Shift input. When low, this input enables the shift register for serial 
shifting with each Video Dot Clock pulse. When high, the shift register parallel 
(broadside) data inputs are enabled and synchronous loading occurs on the next 
Video Dot Clock pulse. During parallel loading, serial data flow is inhibited. The 
Address/Data inputs (AQ-A7) are latched on the negative transition of the 
Load/Shift input. See timing diagram, figure 1. 


Frequency at which video is shifted. 
In the External Mode, A@-A7 is used to insert an 8 bit word from a user defined 
external ROM, PROM or RAM into the on-chip Attribute logic. In the wide Graphic 


Mode A@-A7 is used to define one of 256 graphic entities. Inthe thin Graphic 
Mode A@-A2 is used to define the 3 line segments. 


a 





nw 





















<= 


0) 
Zz 8 
Oo 


Power Supply P 
R2,R3,R1,R@| Row Address 


18 ATTBE Attribute Enable 


STKRU Strike-Thru 


— 


— 
CHABL Character Blank 


+5 volt power supply. 


These 4 binary inputs define the row address in the current character block. 


Ground 


A positive level on this input enables data from the Reverse Video, Character Blank, 
Underline, Strike-Thru, Blink, Mode Select 0, and Mode Select 1 inputs tobe strobed 
into the on-chip attribute latch at the negative transition of the Load/Shift pulse. 
The latch loading is disabled when this input is low. The latched attributes will remain 
fixed until this input becomes high again. To facilitate attribute latching ona character 
by character basis, tie ATTBE high. See timing diagram, figure 1. 


When this input is high and RETBL = 0, the parallel inputs to the shift register are 
forced high (SR@-SR7), providing a solid line segment throughout the character 
block. The operation of strike-thru is modified by Reverse Video (see table 1). The 
strike-thru is a double line on rows R5 and R6 for the CRT 8021 and a single line on 
row Ré4 for the CRT 8021-003. 


When this input is high and RETBL = 0, the parallel inputs to the shift register are 
forced high (SRO-SR7), providing a solid line segment throughout the character 
block. The operation of underline is modified by Reverse Video (see table 1). The 
underline is a single line of R11 for the CRT 8021 and a single line on R8 for the 
CRT 8021-003. 


‘When this input is low and RETBL = 0, data into the Attribute Logic is presented 
directly to the shift register parallel inputs. When reverse video is high data into the 
Attribute Logic is inverted and then presented to the shift register parallel inputs. 
This operation reverses the data and field video. See table 1. 


When this input is high, the parallel inputs to the shift register are all set low, provid- 
ing a blank character line segment. Character blank will override blink. The operation 
of Character Blank is modified by the Reverse Video input. See table 1. 


This input is used as the clock input for the two on-chip blink rate dividers. 
The cursor blink rate (50/50 duty cycle) will be twice the character blink rate 
(75/25 duty cycle). 


When this input is high and RETBL = 0 and CHABL = 0, the character will blink at 
the character blink rate. Blinking is accomplished by blanking the character 


V SYNC V SYNC 
BLINK Blink 

block with the internal Character Blink clock. The character blink rate is 1.875 Hz 
when V SYNC = 60 Hz. 


25 MS1 Mode Select 1 | These 2 inputs define the three modes of operation of the CRT 8002 as follows: 
| 


26 MS@ Mode Select @ Thin GrapHics Mode—!n this mode AQ-A2, (A3-A7 = X) will be loaded into the thin 
graphic logic along with the row addresses. This logic will define the segments 
of a graphic entity as defined in figure 6. 


S 
3, 14, 15,16 
ND 
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— 
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2 : Character Mode — In this mode the inputs AQ-A7 go directly from the character latch 
Thin Graphics into the shift register via the attribute logic. Thus the user may define external charac- 
Character Mode ter fonts or graphic entities in an external PROM, ROM or RAM. See figure 3. 


Wide Graphics Wide Graphics Mode — In this mode the inputs A@-A7 will define a graphic entity as 
described in figure 5. Each line of the graphic entity is determined by the wide graphic 
logic in conjunction with the row inputs R@ to R3. In this mode each segment of the 
entity is defined by one of the bits of the 8 bit word. Therefore, the 8 bits candefine any 
1 of the 256 possible graphic entities. These entities can butt up against each other to 
form acontiguous pattern or can be interspaced with alphanumeric characters. Each 
of the entities occupies the space of 1 character block and thus requires 1 
byte of memory. 


These 3 modes can be intermixed on a per character basis. 


27 CURSOR Cursor l When this input is enabled the cursor will be activated. The cursor will be a blinking(at 
3.75 Hz when V SYNC =60 Hz) reverse video block. In this mode the Character Block is 
set to reverse video at the cursor blink rate. The Character Block will alternate between 
normal video and reverse video. 


28 RETBL Retrace Blank I When this input is latched high, the shift register parallel inputs are unconditionally 
cleared to all zeros and loaded into the shift register on the next Load/Shift pulse. This 
blanks the video, independent of all attributes, during horizontal and vertical retracetime. 
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TEBEE 1 










CURSOR FUNCTION 


(S.R.) All 
D  (S.R.) All 






: others 


(S.R.)* 
(S. A 
(S.R.) A 
(S. ‘all 
(S.R.)* 
(S.R.) 
(S.R.) 


All others 
All 









Blink** REVID Block 
Blink** REVID Block 
Blink** REVID Block 
Blink** REVID Block 
Blink** REVID Block 
Blink** REVID Block 


*AtSelected Row Decode **At Cursor Blink Rate 
Note: lf Character is Blinking at Character Rate, Cursor will change it to Cursor Blink Rate 





Alternate Normal Video/REVID 
At Cursor Blink Rate 


oOoo0o00 


FIGURE 2 
TYPICAL CHARACTER MODE BLOCK FORMATS 
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6 C5 C4 C3 C2 Cl C7 C6 C5 C4 C3 C2 Cl 
EXTENDED ZEROS (BACK 
FILL) FOR INTERCHARACTER 
SPACING (NUMBER 
CONTROLLED BY LD/SH, 
COLUMN 7 IS SHIFTED OUT FIRST VDC TIMING) 


C7 


Q 
?) 
S 


Note: Dotted line shows typical character display area. 


FIGURE 3 


CHARACTER MODE 
MS@ = 1 MS1= 0 


C7 C6 C5 C4 C3 C2 C1 CO BF BF 


RO—R15 A4} A3 | A2 | A1 | AO | A7 | A7 


BF = back fill 
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FIGURE 4. TYPICAL VIDEO OUTPUT— CHARACTER MODE 


VDC 


wan | . \eporT|so0T! 

LD/SH a FIELD] FIELD 
VIDEO DATA Tw [_*] @[™[@]@[M|*[/ |. S[™[S]@[s][M[a[ eA) 
oporrien @l@l@[“[s[e[n[*[a7[a#[@[s[e[ale[n]~[a [ay 


FIGURE 5 


WIDE GRAPHICS MODE 
MS@= @ MS1=@ 


5 BITS** NBITS** 


ROW ADDRESS 
0000 


3 LINES* CRT 8021 CRT 8021-003 


3 LINES 


3 LINES C7 C6 C5 C4 C3 C2 C1 CH 


3 LINES 


*ON CHIP ROM PROGRAMMABLE TO 2, 3, OR 4 LINE MULTIPLES 
**CAN BE PROGRAMMED FROM 1 TO 7 BITS 
***LENGTH DETERMINED BY LD/SH, VDC TIMING 
EXAMPLE: 10010110 Note: R11-R15 are 
always filled with ones 
R14] NOTE: Unselected raster line rows 
are always filled with ones. 


BF = back fill 


FIGURE 6 
THIN GRAPHICS MODE 
MS@ = 6 MS1=1 


CRT 8021 CRT 8021-003 


C7 C6 C5 C4 C3 C2 C1 Cg BF BF... C7 C6 C5 C4 C3 C2 C1 Ce BF 


— PROGRAMMABLE 
ROW 


Cn an ces ce cs ee ee oe ee ee oe oe 


NOTE: When Al = "1", the underline 
row/rows are deleted. 
X=DON’T CARE When At ="'0", the underline, 
* THE INSIDE SEGMENT IS MASK PROGRAMMABLE itselected, will appear. 
TO ROW 0000 BF =back fill 
+ LENGTH DETERMINED &Y LO/SH, VDC TIMING 
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FIGURE 7 


VDC (to chip) 


LD/SH (to chip) 


FIGURE 8 
TYPICAL CRT 8021 CONFIGURATION 
FOR COMBINED CHARACTER AND GRAPHICS MODES 


FROM CRT CONTROLLER 
oo 


RETRACE 
R3-R@ BLANKING CURSOR 


ar | 
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i x : 
CHARACTER 
ROM 


R3-RO 
FROM CRT 4 VAC 


SYSTEM RAM 
OR 


SINGLE OR 
DOUBLE ROW 
BUFFER 


TO 
MONITOR 


CRT 8021 
CONTROLLER 


*LOAYPeCH 


ATTRIBUTES (RV,CB, CBLANK, ATTEN, STKTU, MS1) 


VIDEO DOT CLOCK 


"LATCH MAY OR MAY NOT BE REQUIRED DEPENDING ON SYSTEM TIMING. CHARACTER CLOCK 
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CHARACTER 
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*Latch may be required depending on system timing. 
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FIGURE 9. CRT 8021 TYPICAL uP CONFIGURATION (CHARACTER MODE ONLY) 
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tions; consequently complete information sufficient for construction purposes is not necessarily given. The 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
information has been carefully checked and is believed to be entirely reliable. However, no res 


assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the se 
devices described any license under the patent rights of SMC or others. SMC reserves the ri 


at any time in order to improve design and supply the best product possible. 


US Bivd Hauppauge NY 11788 


19161 273-3100 TWX-$10- 227-8898 






STANDARD MICROSYSTEMS 


STANDARD MICROSYSTEMS 
CORPOR ATION cnn ie STN 


rae onins merece enwnreenncert = Y 





CRT 9006-135 
CRT $006-83 


[APC FAMILY 


single Row Buffer 
SRE 


FEATURES: 

CJ Low Cost Solution to CRT Memory Contention Problem 

L] Provides Enhanced Processor Throughput for CRT 
Display Systems 

CL] Provides 8 Bit Wide Variable Length Serial Memory 

L}] Permits Active Video on All Scan Lines of Data Row 


LJ Dynamically Variable Number of Characters per Data Row— 


...64, 80, 132,...up to a Maximum of 135 

LJ] Cascadable for Data Rows Greater than 135 Characters 

L] Stackable for Invisible Attributes or Character 
Widths of Greater than 8 Bits 

C] Three-State Outputs 

L] 3.8MHz Typical Read/Write Data Rate 

L] Static Operation 

L] Compatible with SMC CRT 5037, CRT 9007, and other 
CRT Controllers 

[_] 24 Pin Dual In Line Package 

C] +5 Volt Only Power Supply 

L] TTL Compatible Inputs and Outputs 

LC Available in 135 Byte Maximum Length (CRT 9006-135) 
or 83 Byte Maximum Length (CRT 9006-83) 


PIN CONFIGURATION 


CLRCNT 


CKEN 
DING 
DIN1 
DIN2 
DIN3 





Package: 24-pin D.I.P. 


APPLICATIONS: 

(1) CRT Data Row Buffer 

L] Block-Oriented Buffer 

LJ Printer Buffer 

LJ Synchronous Communications Buffer 
CJ Floppy Disk Sector Buffer 


GENERAL DESCRIPTION 


The SMC Single Row Buffer (SRB) provides a low cost solu- 
tion to memory contention between the system processor and 
CRT controller in video display systems. 

The SRB is a RAM-based buffer which is loaded with character 
data from system memory during the first scan line of each 
data row. While data is being written into the RAM it is also 
being output through the multiplexer onto the Data Ouput 


CLRCNT 


(DOUT) Lines. During subsequent scan lines in the data row, 
the system will disable Write Enable (WREN) and cause data 
to be read out from the internal RAM for CRT screen refresh, 
thereby releasing the system memory for processor access 
for the remaining N-1 scan lines where N is the number of 
scan lines per data row. The SRB enhances processor through- 
put and permits a flicker-free display of data. 











CLK 


WRITE 








3-STATE 
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DESCRIPTION OF PIN FUNCTIONS 


PIN NO. NAME SYMBOL FUNCTION 
ae DATA OUTPUTS DOUT3-DOUT®@ | Data Outputs from the internal output latch. 


— _ 
"| WRITE ENABLE WREN 
CLEAR COUNTER CLRCNT 
CLOCK ENABLE CKEN When CKEN is high, CLK will clock the address counter. The 
combination of CKEN high and WREN lIow will allow the writing 
of data into the RAM. 


= DATA INPUTS DIN@-DIN3 Data Inputs from system memory. 


14-17 DATA INPUTS DIN4-DIN7 Data Inputs from system memory. 
desired for more than 135 bytes, OF may be used to drive the 


18 OVERFLOW FLAG OF 
CKEN input of the second row buffer chip. 

19 OUTPUT ENABLE OE When OE is low, the data outputs DOUT@-DOUT7 are enabled. 
When OE is high, DOUT9-DOUT7 present a high impedance 
state. 


20-23 DATA OUTPUTS DOUT7-DOUT4 | Data Outputs from the internal output latch. 












Character clock. The negative- going edge of CLK clocks the 
latches. When CKEN (pin 8) is high, CLK will increment the 
address counter. 

















When WREN is Iow, data from the input latch is transferred directly 
to the output latch and simultaneously written into sequential 
locations in the RAM. 


Anegative transition on CLRCNT clears the RAM address counter. 
CLRCNT is normally asserted low near the beginning of each 
scan line. 





This output goes high when the RAM address counter reaches its 
maximum count. If cascaded operation of multiple CRT 9006's is 









OPERATION 


For CRT operation, the Write Enable (WREN) signal is RAM has been fully loaded (135 bytes). While data is 
made active for the duration of the top scan line of each being written into the RAM, it is also being outputthrough 
data row. Clear Counter (CLRCNT) typically occurs at the multiplexer onto the Data Output (DOUT) lines. Each 
the beginning of each scan line (HSYNC may be used as byte is loaded into the output latch one clock time later 
input to CLRCNT). Data is continually clocked into the than it is written into the RAM. Output of the data during 
input latch by CLK. When Clock Enable (CKEN) occurs, the first scan line permits the Video Display Controller 
the data in the input latch (Write Data) is written into the (such as the CRT 8002) to display video on the first scan 
first location of RAM. At the negative-going edge of the line. During subsequent scan linesinthedatarow, thesys- 
next clock, the address counter is incremented, the next — tem will disable Write Enable (WREN) andcause datato be 
input data is latched into the input latch, and the new data read out from the internal RAM, thereby freeing the sys- 
is then written into the RAM. Loading the RAM continues tem memory for processor access for the remaining N-1 
until one clock after CKEN goes inactive or until the |= scanlineswhereN is the number of scanlines per datarow. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ..... ccc cece cece cece ee een ee eee e enna eee e ee ee ee teeta eee ereenes O°Cto+ 70°C 
Storage Temperature Range .......... cece cece cece eee eee Wek idaatloron lata we ain cee Mesrerek waa aerate -55°C to + 150°C 
Lead Temperature (Soldering, 10SEC.) oo. cece cece eee eee ee eee ee eee eee e este eee ee teense eeers +325°C 
Positive Voltage on any Pin, with respect to QroUNd .... cece ccc cece een eee eee eee et een ett eens tenes +8.0V 
Negative Voltage on any Pin, with respect to Ground 1... ccc c ccc cece teen n erence este een e nee eeanes -0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the gperational 
sections of this specification is not implied. 


ELECTRICAL CHARACTERISTICS (T, = 0° C to 70° C, Vec = +5 +5%, unless otherwise noted) 


PARAMETER | MIN| TYP| MAX | UNITS COMMENTS 
DC CHARACTERISTICS 
Input Voltage Levels 








Low Level Vit 0.8 V 
High Level Vin 2.0 V 
Output Voltage Levels 
Low Level Vor 0.4 V lo. = 2mA 
High Level Vox 2.4 V lon =—100uA 
Input Current 10 LA O0< Vin = Veco 
Leakage, lit 
Output ‘1’ Leakage 10 MA 
Output ‘0’ Leakage 10 LA 
(Off State) 
Input Capacitance 
30 45 pF 
All other inputs 10 15 pF 
Power Supply Current 
loc (SRB-135) 115 mA. 
lcc (SRB-83) 100 mA 
AC CHARACTERISTICS 
tey 
(SRB135) 300 | 250 ns 
(SRB83) 400 | 330 ns 
tek 
(SRB135) 240 | 190 | DC ns 
(SRB83) 320 | 250 | DC ns 
tekH 
(SRB135) 28 5000 ns 
(SRB83) 34 5000 ns 
ter 
(SRB135) 10 ns tcxH = 28ns 
(SRB83) 10 ns tex = 34ns 
tekr 
(SRB135) 10 ns tex. =240ns 
(SRB83) 10 ns terk = 320ns 
toset 65 ns 
toHoLp 5 ns 
tenckp 0 ns 
tENcKN 
(SRB135) ; 100 ns 
(SRB83) 125 ns 
teNHOLD 0 ns 
twackn 
(SRB135) 100 ns 
(SRB83) 125 ns 
tWeNHLD 0 ns 
toour 175 ns Ci = 50pF 
trson 175 ns 
trsorr 175 ns 
toron 175 ns CL = S0pF 
tctrs 
(SRB135) 100 ns 
(SRB83) 125 ns 
teLRH 0 ns 
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FIGURE 1: AC CHARACTERISTICS 
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FIGURE 2: SINGLE ROW BUFFER READ TIMING 
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MEMORY 
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‘ADDR DATA RD WR 


CRT CONTROLLER 
(CRT 5037, CRT 9007,...) 


SL3_SL2 SL1_ SL@CURS 
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CLRCNT CKEN CLK R@ CURSOR VSYNC RETBL i 


ent soog. DOUT?-0 ATTRIBUTES 
SINGLE pelea 
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OE 


OF VIDEO > 


FIGURE 2: TYPICAL CRT CONTROLLER CONFIGURATION WITH SINGLE ROW BUFFER 
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DOT 
GENERATOR 


TO 
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EXTERNAL CHAR. 


FIGURE 4: 
TYPICAL READ TIMING FOR SRB CASCADED CONFIGURATION 
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CKENa 
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DOUT7-G5 S| 


Notes: N = 134 FOR CRT9006-135 
N = 82 FOR CRT9006-83 
EXAMPLE I'S FOR N+3 CHARACTERS TOTAL 


A, B REFER TO DEVI 


CES A&B IN FIGURE 5 


FIGURE 5: 


TYPICAL CASCADE OF SINGLE ROW BUFFERS —270 BYTES TOTAL 


CLRCNT 
WREN 
CLK 
CKEN 


DATA INPUT FROM MEMORY >) DIN7-@ 


STANDARD MICROSYSTEMS 


35 Marcus Bivd.. Hauppauge. NY. 11788 
516) 273-3100 TWX-510-227- 8898 


DATA OUT TO CHARACTER GENERATOR 


Sails DOUT?7-0 
DOUT7-0 WREN 


CLK 
CKEN ROWBUFFER oF 
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Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEIIS 
CORPORATION 






CRT 9007 


[IPC FAMILY 


CRT Video Processor and Controller 
VPAC™ 


FEATURES 


CL] Fully Programmable Display Format 
Characters per Data Row (8-240) 
Data Rows per Frame (2-256) 
Raster Scans per Data Row (1-32) 
LC) Programmable Monitor Sync Format 
Raster Scans/Frame (4-2048) 
Front Porch— Horizontal (Negative or Positive) 
—Vertical 
Sync Width — Horizontal (1-128 Character Times) 
— Vertical (2-256 Scan Lines) 
Back Porch— Horizontal 
— Vertical 
C Direct Outputs to CRT Monitor 
Horizontal Sync 
Vertical Sync 
Composite Sync 
Composite Blanking 
Cursor Coincidence 
C] Binary Addressing of Video Memory 
CL] Row-Table Driven or Sequential Video Addressing Modes 
(C] Programmable Status Row Position and Address Registers 
C] Bidirectional Partial or Full Page Smooth Scroll 
C] Attribute Assemble Mode 
CL] Double Height Data Row Mode 
C) Double Width Data Row Mode 
LC] Programmable DMA Burst Mode 
CO Configurable with a Variety of Memory Contention 
Arrangements 
CJ Light Pen Register 
C) Cursor Horizontal and Vertical Position Registers 
(] Maskable Processor Interrupt Line 
CJ] Internal Status Register 
CL] Three-state Video Memory Address Bus 
C) Partial or Full Page Blank Capability 
CL] Two Interlace Modes: Enhanced Video and Alternate 
Scan Line 





PIN CONFIGURATION 


40 GND 

39 VA9 

38 VAI 

37 VA8 

36 VAO 

35 CBLANK 

34 CURS 

33 ACK/TSC 

32 CSYNC/LPSTB 

31 SLD/SLO 

30 SLG/SL1 

29 WBEN/SL2/CSYNC 
28 DMAR/SL3/VBLANK 
27 INT 

26 RST 

2565S 

24 VDO 

23 VD1 

22 VD2 

21 +5V 


0 Ability to Delay Cursor and Blanking with respect to 
Active Video 

CJ Programmable for Horizontal Split Screen Applications 

C] Graphics Compatible 

CJ Ability to Externally Sync each Raster Line, each Field 

C1 Single +5 Volt Power Supply 

LJ TTL Compatible on All Inputs and Outputs 

(J VT-100 Compatible 

LJ RS-170 Interlaced Composite Sync Available 


GENERAL DESCRIPTION 


The CRT 9007 VPAC™ is a next generation video processor/ 
controller—an MOS LSI integrated circuit which supports either 
sequential or row-table driven memory addressing modes. As 
indicated by the features above, the VPAC™ provides the user 
with a wide range of programmable features permitting low cost 
implementation of high performance CRT systems. Its 14 address 
lines can directly address up to 16K of video memory. This is 
equivalent to eight pages of an 80 character by 24 line CRT dis- 
play. Smooth or jump scroll operations may be performed any- 
where within the addressable memory. In addition, status rows 
can be defined anywhere on the screen. 

In the sequential video addressing mode, a Table Start Register 
points to the address of the first character of the first data row on 
the screen. It can be easily changed to produce a scrolling effect 
on the screen. By using this register in conjunction with two aux- 
iliary address registers and two sequential break registers, a screen 
roll can be produced with a stable status row held at either the first 
or last data row position. 
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In the row-table driven video addressing mode, each row in the 
video display is designated by its own address. This provides the 
user with greater flexibility than sequential addressing since the 
rows of characters are linked by pointers instead of residing in 
sequential memory locations. Operations such as data row 
insertion, deletion, and replication are “easily accomplished by 
manipulating pointers instead of entire lines. The row table itself 
can be stored in memory in a linked list or in a contiguous format. 


The VPAC™ works with a variety of memory contention schemes 
including operation with a Single Row Buffer such as the CRT 9006, 
a Double Row Buffer such as the CRT 9212, or no buffer at all, in 
which case character addresses are output during each display- 
able scan line. 


User accessable internal registers provide such features as light 
pen, interrupt enabling, cursor addressing, and VPAC™ status. 
Ten of these registers are used for screen formatting with the abi- 
lity to define over 200 characters per data row and up to 256 data 
rows per frame. These 10 registers contain the “vital screen 
parameters”. 
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FIGURE 1: CRT 9007 BLOCK DIAGRAM 





DESCRIPTION OF PIN FUNCTIONS 
PROCESSOR INTERFACE: . 


PIN NO. NAME SYMBOL FUNCTION 


7, 5,4, 2,39, | Video Address VA13-VAO These 14 signals are the binary address presented to the video memory by the CRT 9007. 
37, 10, 9, 8, 6, | 13-0 The function depends on the particular CRT 9007 mode of operation. VA13-6 are outputs 
3, 1,38, 36 only. VA5-0 are bidirectional. 
—Double Row Buffer Configuration: 
VA13-0 are active outputs for the DMA operations and are in their high impedance state at 
all other times. 
—Single Row Buffer Configuration: 
VA13-0 are active outputs during the first scan line of each data row and are in their high 
impedance state at all other times. 
—Repetitive Memory Addressing Configuration: 
VA13-0 are active outputs at all times except during horizontal and vertical retrace at which 
time they are in their high impedance state. . 
If row table addressing is used for either single row buffer or repetitive memory addressing 
modes, VA13-0 are active outputs during the horizontal retrace at each data row boundary to 
allow the CRT 9007 to retrieve the row table address. For processor read/write operations 
VA5-0 are inputs that select the appropriate internal register. 


16, 17, 18, 19, | Video Data 7-0 VD7-VDO Bidirectional video data bus: during processor Read/write operations data is transferred via 
20, 22, 23, 24 VD7-VD0 when chip strobe (CS) is active. These lines are in their high impedance state 
when CS is inactive. During CRT 9007 DMA operations, data from video memory is input via 
Chip strobe cs 
output drivers. When writing to an internal CRT 9007 register, the trailing edge of this signal 
latches the incoming data. Figure 2 shows all processor read/write timing. 


VD7-VDO when a new row table address is being retrieved or when the attribute latch Is being 
) 
26 Reset RST Input; this active low signal puts the CRT 9007 into a known, inactive state and insures 
that the horizontal sync (HS) output is inactive. Activating this input has the same effect as a 
RESET command. After initialization, a START command causes normal CRT 9007 opera- 

























































registers. When reading from an internal CRT 9007 register, the chip strobe (CS) enables the 





updated in the attribute assemble mode. VD7-VDO are outputs when the external row buffer 
tion. See processor addressable registers section, Register 16 for the reset state definition. 


is updated with a new attribute in the attribute assemble mode. 

Input; this signal when active low, allows the processor to read or write internal CRT 9007 
Interrupt INT Output; an interrupt to the processor from the CRT 9007 occurs when this signal is active 

high. The interrupt returns to its inactive low state when the status register is read. 
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DESCRIPTION OF PIN FUNCTIONS CONT’D 
CRT INTERFACE: 


NAME see FUNCTION 


Output; this signal is active high during all visible scan lines and during the horizontal trace 
times at vertical retrace. This signal can be used to gate the character clock (CCLK) when 
supplying data to a character generator from a single or double row buffer. 

Open drain output; this signal determines the vertical position of displayed text by initiating a 
vertical retrace. Its position and pulse width are user programmable. The open drain allows 
the vertical frame rate to be synchronized to the line frequency when using monitors with DC 
coupled vertical amplifiers. If the VS output is pulled active low externally before the CRT 


Visible Line Time 
9007 itself initiates a vertical sync, the CRT 9007 will start its own vertical sync at the next 


Vertical Syne 
leading edge of horizontal sync (HS). 
Horizontal Sync Open drain output; this signal determines the horizontal position of aleve ed text by initiating 
a horizontal retrace. Its position and pulse width are user programmable. During hardware 
and software reset, this signal is inactive high. The open drain allows the horizontal scan rate 















to be synchronized to an external source. If the HS output is pulled low externally before the 
CRT 9007 itself initiates a horizontal sync, the CRT 9007 will start its own horizontal sync on 
the next character clock (CCLK). 


Input; this signal! defines the character rate of the screen and is used by the CRT 9007 for 
all internal timing. A minimum high voltage of 4.3V must be maintained for proper 
chip operation. 


Output: this signal is active low for one full scan line (from VLT trailing edge to VLT trailing 
edge) at the top scan line of each new data row. This signal can be used to swap buffers in 
the double row buffer mode. It indicates the particular horizontal retrace time that the CRT 
9007 outputs addresses (VA13-VAO) for single row buffer operation. There will always 

be one extra DRB signal which will become active during the first scan line of the vertical! 
retrace interval. 









Data Row 
Boundary 








Output; this signal marks the cursor position on the screen as specified by the horizontal and 
vertical cursor registers. The signal is active for one character time at the particular character 
position for all scan lines within the data row. For double height or width characters, this sig- 
nal is active for 2 consecutive CCLK'’s in every scan line within the data row. For double 
height characters, this signal can be programmed to be active at the proper position for 2 
consecutive data rows. 

CURS is also used to signal either a double height or double width data row by becoming 
active during the horizontal retrace (CBLANK active) prior to a double height or double width 
scan line. The time of activation and deactivation is a function of the addressing mode, buffer 


Cursor CURS 
configuration and the scan line number. See section of Double height/width for details. 


Composite Blank CBLANK Output. This signal when active high, indicates that a retrace (either horizontal or vertical) will 
be performed. The signal remains active for the entire retrace interval as programmed. It is 
used to blank the video to a CRT. 


USER SELECTABLE PINS: (see Tables 4 and 5) 


|__PINNO. __|NAME SYMBOL 


















ae Character Clock 







FUNCTION 





28, 29, 30, 31 | Scan ae 3- SL3-SLO Output; these 4 signals are the direct scan line counter outputs, in binary form, that indicate 
Scan Line 0 






to the character generator the current scan line. These signals continue to be updated 
during the vertical retrace interval. SL3 and SLO are the most and least significant 
bits respectively. 


28 Direct Memory DMAR Output; this signal is the DMA request issued by the CRT 9007. It will only become active if 
Access Request the acknowledge (ACK) input is inactive. tt remains active high throughout the entire 
DMA operation. 
Vertical Blank VBLANK __| Output; this signal is active high only during the vertical retrace period. 
29 Write Buffer WBEN Output; this active high signal is used to gate the clock feeding the write buffer in a double 
Enable row buffer configuration. 
29 or 32 Composite Sync CSYNC Output; this signal provides a true RS-170 composite sync waveform with equalization pulses 
and vertical serrations in both interlace and noninterlace formats. Figure 3 illustrates the 
CSYNC output in both interlaced and noninterlaced formats. 

30 Scan Line Gate SLG Output; this active low signal is used as a clock gate. It captures the correct 5 or 6 CCLK's 
and, in conjunction with SLD (pin 31), allows scan line information to be loaded serially into 
an external shift register. 

31 Scan Line Data SLD Output; this signal allows one to load an external shift register with the current scan line 
count. The count is presented least significant to most significant bit during the 5 or 6 CCLK’s 

‘ framed by SLG. With this form of scan line representation, it is possible to define up to 32 
in interlace or double height character mode to allow the scan line count to be adjusted to its 
proper value. Figures 4 and 5 illustrate the serial scan line timing. 

32 Light Pen Strobe LPSTB Input; this signal strobes the current row/column position into the light pen register at its posi- 
tive transition. 

33 Acknowledge ACK Input; this active high signal acknowledges a DMA request. It indicates that the processor 
bus has entered its high impedance state and the CRT 9007 may access video memory. It is 
not recommended to deactivate this signal during a CRT 9007 DMA cycle because the CRT 
9007 will not shut down in a predictable amount of time. 


scan lines per data row. 
Thies State Input; this signal, when active low, places VA13-VA0 in their high impedance state. 
ontrol 


The external shift register must be at least 5 bits in length. Even though 6 shifts can occur 
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one should only use the 5 last bits shifted to define the scan line count. The extra shift occurs 


















OPERATION MODES 


Single Row Buffer Operation 


The CRT 9007 configured with a CRT 9006 Single Row 
Buffer is shown in figure 6. The use of the CRT 9006 Single 
Row Buffer requires that the buffer be loaded at the video 
painting rate during the top scan line of each data row. How- 
ever, after the CRT 9006 is loaded, the CRT 9007 address 
lines enter their high impedance state for the remaining N- 
1 scan lines of the data row, thereby permitting full proces- 


PROCESSOR 
uP/uC 


ie 


oi K ~~ _AboressBUS VA13-@ 


MEMORY 
ROM 


RAM 
VIDEO RAM 


te 


Gommnmaim 


OCD PAYG 


et CKEN =" 


DOUT7-0 
CRT 9006 


SINGLE 
ROW BUFFER 
DIN7-0 


sor access to memory during these scan lines. The per- 
centage of total memory cycles available to the processor 
is approximately [(N-1)/N] x 100 where N is the total num- 
ber of scan lines per data row. For a typical system with 12 
scan lines per data row this percentage is 92%. Figure 7 
illustrates typical timing for the CRT 9007 used with the CRT 
9006 Single Row Buffer. 
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FIGURE 6: CRT 9007 CONFIGURATION WITH SINGLE ROW BUFFER 
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FIGURE 7: CRT 9007 SINGLE ROW BUFFER TIMING (32 CHARACTERS PER DATA ROW) 
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Double Row Buffer Operation 


Figure 8 shows the CRT 9007 used in conjunction with a 
CRT 9212 Double Row Buffer. The Double Row Buffer has 
a read buffer which is read at the painting rate of the CRT 
during each scan line in the data row. While the read buffer 
is being read and supplying data to the character generator 
for the current displayed data row, the write buffer is being 
loaded with the next data row to be displayed. This 
arrangement allows for relaxed write timing to the write buffer 
‘as it may be filled in the time it takes for N scan lines on the 
CRT to be painted where N is the number of scan lines per 
data row. Used in this configuration, the CRT 9007 takes 
advantage of the relaxed write buffer timing by stealing 
memory cycles from the processor to fill the write buffer 
(Direct memory access operation). The CRT 9007 sends 
the DMAR (DMA request) signal, awaits an ACK (acknowl- 
edge) signal and then drives out on VA13-VA0 the address 
at which the next video data resides. The CRT 9007 then 
activates the WBEN (write buffer enable) signal to write the 
data into the buffer. If for example there are 80 characters 
per data row, the CRT 9007 performs 80 DMA operations. 
The user has the ability to program the number of DMA cycles 
performed during each DMAR-ACK sequence, as well as 


PROCESSOR 
uP/pC 


ACK 
DMARQ 
ADDR DATA 
I || - 
ADDRESS BUS 


VA13-0 


WBEN DRB 


MEMORY 
ROM 


RAM 
VIDEO RAM 





WCLK WEN TOG CLRCNT REN ACLK 


DOUT ?- 
CRT 9212 mee 
DOUBLE 
ROW BUFFER 
DIN?-@ 


the delay between each DMAR-ACK sequence, via the DMA 
CONTROL REGISTER (RA). If 8 DMA operations are 
performed for each ACK received, 10 such DMAR-ACK 
sequences must be performed to completely fill the write 
buffer. The programmed delay allows the user to evenly 
distribute the DMA operations so as not to hold up the pro- 
cessor for an excessive length of time. This feature also 
permits other DMA devices to be used and allows the pro- 
cessor to respond to real time events. In addition, the user 
has the ability to disable the CRT 9007 DMA mechanism. 
Figure 9 illustrates typical timing for the CRT 9007 used with 
the CRT 9212 Double Row Buffer. 


Since the CRT 9212 Double Row Buffer has separate inputs 
for read and write clocks (RCLK, WCLK), it is possible to 
display proportional character widths (variable number of 
dots per character) by reading out the buffer at a character 
clock rate determined by the particular character. The writ- 
ing of the buffer can be clocked from a different and con- 
stant character clock. Figure 10 illustrates the CRT 9007 
used with two double row buffers and a CRT 9021 Video 
Attributes Controller chip to provide proportional character 
display. 
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FIGURE 8: CRT9007 CONFIGURATION WITH DOUBLE ROW BUFFER 
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FIGURE 9: CRT 9007 DOUBLE ROW BUFFER TIMING (32 CHARACTERS PER DATA ROW) 
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FIGURE 10: CRT 9007 CONFIGURATION FOR PROPORTIONAL CHARACTER DISPLAY 


340 


Repetitive Memory Addressing Operation 


In this operation mode, the CRT 9007 will repeat the 
sequence of video addresses for every scan line of every 
data row. The CRT 9007 address bus will enter its high 
impedance state during all horizontal retrace intervals 
(except the retrace interval at a data row boundary if the 
CRT 9007 is configured in a row driven addressing mode). 
This arrangement allows for such low end contention 
schemes as retrace intervention (the processor is only 
allowed access to video memory during retrace intervals) 


PROCESSOR 
uPipC 


3X BIDIRECTIONAL 
DRIVER 


vipeo 


VIDEO DATA 


VIDEO 
RAM 
ADDRESS 


and processor priority (the processor has an unlimited 
access to video memory). A high end contention scheme 
can be employed which uses a double speed memory such 
that in a single character period both the processor and the 
CRT 9007 are permitted access to video memory at pre- 
determined time slots. Figure 11 illustrates the CRT 9007 
configured with a double speed memory. Typical timing for 
this mode is illustrated in figure 12. 
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FIGURE 11: CRT 9007 CONFIGURATION WITH DOUBLE SPEED MEMORY 


FIGURE 12: CRT 9007 REPETITIVE MEMORY ADDRESS TIMING (32 CHARACTERS PER DATA ROW) 
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Attribute Assemble Operation 


This configuration allows the user to retain an 8 bit wide video 
memory in which attributes occupy memory locations but Momory Address (typ) Memory Data (5 bits) 
not positions on the CRT. This mode assumes that every 


other display position in video memory contains an attri- 

bute. During one clock cycle, attribute data is latched into 
the CRT 9007; during the next clock cycle a character loca- 

tion is addressed. The attribute datais driven out along with 
a WBEN signal allowing the character plus its associated 


attribute to be written simultaneously to two 8 bit double row 


buffers. Figure 13 illustrates the memory organization used 


c 
for the Attribute Assemble mode. The first entry in each data 


row must begin with an attribute. 


Assemble mode used with two CRT 9212 Double Row a ae 


Figure 14 shows the CRT 9007 configured in the Attribute 


Buffers and 8, 16Kx1 dynamic RAMS. This mode, since it 


retains an 8 bit wide memory while providing all the advan- 
tages of a 16 bit wide memory, lends itself to some cost 
effective designs using dynamic RAMS. The CRT 9007 will 
refresh dynamic RAMS because twice the number of the 
programmed characters per data row are accessed 
sequentially for each data row.* Figure 15 illustrates typical 
timing of the CRT 9007 used in the Attribute Assemble mode. 


Figure 13: Attribute Assemble Memory Organization 





*Note: For 50 Hz operation there usually is about 3 milliseconds extra vertical blanking where refreshing might fail. In this situation the 
CRT 9007 can be programmed with about 5 more “dummy” data rows while extending the vertical blank signal. This allows 
the CRT 9007 to start addressing video memory much earlier within the vertical blanking interval and hence provide refresh to 
the dynamic RAMS. When displaying double height or double width data rows, only half as many sequential locations are 
accessed each data row and dynamic RAM refresh might fail. 
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FIGURE 14: CRT 9007 CONFIGURATION FOR ATTRIBUTE ASSEMBLE MODE 
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Smooth Scroll Operation 


Smooth scroll requires that all or a portion of the screen move 
up or down an integral number of scan lines at atime. 2 user 
programmable registers allow one to define the “start data 
row” and the “end data row” for the smooth scroll opera- 
tion. A SMOOTH SCROLL OFFSET REGISTER (R17), 
when used in conjunction with a CRT 9007 vertically timed 
interrupt, allows the user to synchronize the update of the 
offset register to the vertical frame rate. The offset register 
causes the scan line counter outputs of the CRT 9007 to 
start at the programmed offset value rather than zero for 


WBEN 


“DMA cycles will always end at a character fetch 


the data row that starts the smooth scroll interval. To allow 
complete flexibility in smooth scroll direction and rate, one 
can update the offset register in the positive as well as neg- 
ative direction and can also offset any number of scan lines 
each frame. Since a smooth scroll can momentarily result 
in a partial data row consisting of one scan line, the loading 
of the write buffer under DMA operations for the start and 
end data row of the smooth scroll operation is forced to occur 
in one scan line. This condition overrides the programma- 
ble DMA CONTROL REGISTER (RA). 


Aare 30] 
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FIGURE 15: CRT 9007 ATTRIBUTE ASSEMBLE TIMING (32 CHARACTERS PER DATA ROW) 
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FIGURE 24: ACK, TSC TIMING 
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SECTION V 





ADDRESSING MODES 


Row Table Addressing 


In this addressing mode, each data row in video memory is 
designated by its own starting address. This provides greater 
flexibility with respect to screen operations than with other 
addressing schemes used by previous CRT controllers. The 
row table, which is a list of starting addresses for each data 
row, can be configured in one of 2 ways. The choice of row 
table format is highly dependent upon the particular appli- 
cation and the programmer’s preference since each format 
allows full utilization of the CRT 9007 features. 


Contiguous Row Table Format 


In this format, the TABLE START REGISTER (RC and RD) 
points to the address where the row table begins. The con- 
tents of the first 2 locations define the starting address of 
the first data row. These 2 bytes define a 14 bit address where 
the first byte is the low order 8 bits and the second byte is 
the high order 6 bits. The 2 most significant bits of the sec- 
ond byte define double height/width characteristics to the 
current data row. The contents of the third and fourth loca- 
tions define the address where the second data row begins. 
Figure 16 illustrates the contiguous row table organization 
in video memory. 


Linked List Row Table Format 


In this format the TABLE START REGISTER (RC and RD) 
points to the memory location which starts the entire 
addressing sequence into operation. The first byte read is 
the lower 8 bits and the second byte read is the upper 6 bits 
of the next data row’s start address. The 2 most significant 
bits of the second byte define double height/width charac- 
teristics for the data row about to be read. The third, fourth, 
fifth, etc., bytes read are the first, second, third, etc., char- 
acters of the current data row. Figure 17 illustrates the linked 
list row table organization in video memory. 
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FIGURE 16: 
CONTIGUOUS ROW TABLE ADDRESS FORMAT 





Row table address for second data row 
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Row table address for third data row 
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etc. 


FIGURE 17: LINKED LIST ROW TABLE ADDRESS FORMAT 


Sequential Addressing’ 


In this addressing mode, characters on the display screen 
are located in successive memory locations. The TABLE 
START REGISTER (RC and RD) points to the address of 
the first character of the first data row on the screen. In this 
mode the TABLE START REGISTER does not point to the 
start of a table but the start of the screen. As each character 





is read by the CRT 9007 for display refresh, the internal video 
address register is incremented by one to access the next 
character. 


For more versatile systems operation in the sequential 
addressing mode, SEQUENTIAL BREAK REGISTER 1 
(R10) and SEQUENTIAL BREAK REGISTER 2 (R12) may 
be used to define the data rows at which two additional 


‘SEQUENTIAL BREAK 2 is not functional in the repetitive memory addressing mode. It is fully functional in all other operation modes. 
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sequential display areas begin. Note that DATA ROW END 
REGISTER (R12) is defined as SEQUENTIAL BREAK 
REGISTER 2 (R12) for the sequential addressing mode only. 
The starting addresses for these two additional display areas 
are defined by AUXILIARY ADDRESS REGISTER 1 (RE 
and RF) and AUXILIARY ADDRESS REGISTER 2 (R13 and 
R14). When the raster begins painting a data row equal to 
the number programmed in one of the sequential break 
registers, the CRT 9007 addresses the video memory 
sequentially starting with the address specified by the cor- 
responding auxiliary address register. Figure 18 illustrates 
a display with 80 characters per data row having sequential 
breaks at data rows 3 and 6. 


Using the sequential addressing mode with 2 breaks, it is 
possible to roll a portion of the screen and keep the rest of 
the screen stable. Double height/width characteristics can 
be attached to the 2 sequentially addressed screens defined 
by SEQUENTIAL BREAK REGISTERS 1 and 2 by using the 
2 most significant bits of AUXILIARY ADDRESS REGIS- 
TERS 1 and 2. See the description of these 2 registers for 
their bit definition. 


TABLE START REGISTER = 1000 
AUXILIARY ADDRESS REGISTER 1 
AUXILIARY ADDRESS REGISTER 2 
SEQUENTIAL BREAK REGISTER 1 
SEQUENTIAL BREAK REGISTER 2 


Data Row Address range 
1000 to 104 F 
1050 to 109F 
10A0 to 10EF 
2000 to 204F 
2050 to 209F 
20A0 to 20EF 
0800 to 084F 
0850 to 0O89F 
O8AQ to O8EF 
O 


0) 


Figure 18: Sequential Addressing Example 
With Two Breaks 9 i 
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Double Height/Width Operation 


When double height/width characters (2XH/2XW) are dis- 
played, the following will occur: 


1. the CRT 9007 will address half as many characters for 
each data row by incrementing its address every other 
character clock. 


2. the high speed video shift register supplying serial video 
to the CRT must shift out dots at half frequency. 


3. For double height, the scan line counter outputs (SL3- 
SLO or SLG, SLD) are incremented every other scan 
line. 


The CRT 9007 is informed of the double height or double 
width display modes via the 2 most significant bits of the 
row table address or the 2 most significant bits of the AUX- 
ILIARY ADDRESS registers depending on the selected 
addressing mode. In any case, once the information is 
obtained by the CRT 9007, it must initiate the 3 tasks listed 
above. Tasks 1 and 3 are performed as appropriate and task 
2 is performed using the CURS output of the CRT 9007 dur- 
ing CBLANK (horizontal retrace) to signal the external logic 
that a change in the dot shift frequency is required. The exact 
time of activation and deactivation of the CURS signal dur- 
ing horizontal retrace is a function of addressing mode, 
operation mode and actual scan line number to be painted. 
Tables 1 and 2 show the cursor activation and deactivation 
times as a function of the buffer configuration and address- 
ing mode for the top scan line of a new data row. Tables 1 
and 2 assume a cursor skew of zero. A cursor skew will effect 
the cursor position during trace as well as retrace time. For 
all subsequent scan lines, the CURS signal is activated 3 
CCLK’s after VLT trailing edge and stays active for exactly 
1 CCLK assuming no cursor skew. When the cursor is placed 
ona double height or double width data row, it will become 
active for 2 CCLK’s to allow the cursor to be displayed as 
double width. If the cursor position is programmed to reside 


OPERATION - ee ae 
MODE Row Driven (linked list : 
or contiguous) Sequential 
Repetitive Memory }1 CCLK after high byte |1 CCLK after TSC 
Addressing of row table read leading edge 
1 CCLK after high byte |1 CCLK after TSC 
of row table read leading edge 


1 CCLK after high byte }1 CCLK after ACK 
of row table read leading edge 


Table 1: Double Height/Width CURS activation fer top scan 
line of new data row. 


























Sing!e row buffer 






Double row buffer 


in the top half of a double height data row, it may become 
active for all scan lines in both the current and next data row 
to allow the cursor to be displayed as double height. 


For row driven addressing, a particular data row or pair of 
data rows can appear in one of the following ways as a 
function of the two most significant bits of the row table 
address (bits 15 and 14). 


—Single height, single width (Row table address bits 15, 
14 = 00). The CRT 9007 will display the particular data 
row as single height, single width. 


—Single height, double width (Row table address bits 15, 
14 = 01). The CRT 9007 will display the particular data 
row as single height double width by accessing half as 
many characters as appear in a single width data row. 
The CURS signal becomes active during horizontal 
retrace in the manner described previously. 


—Double height, double width top half (Row table address 
bits 15, 14 = 10). In addition to providing the special tim- 
ing associated with single height double width data rows, 
the scan line counter is started from zero and incre- 
mented every other scan line until N scan lines are painted 
(Nis the number of scan lines per single height data row). 
In this way, new dot information appears every other scan 
line and the top half of the data row appears in N scan 
lines. 


—Double Height, Double Width Bottom Half (Row table 
address bits 15, 14 = 11)—Same as Double Height, 
Double Width Top except the scan line counter is started 
from N/2 (or (N-1)/2 if N is odd), and incremented every 
other scan line until N scan lines are painted. In single 
row buffer operation, a double height bottom data row 
can only stand alone during a smooth scroll operation; 
otherwise it is assumed to follow a double height top 
data row. 


A IN DE 
OPERATION ; URES ae 
MODE Row driven (linked list 
or contiguous) _ Sequential 


Repetitive Memory |atthe leading edge of atthe teading edge of 
Addressing VLT VLT 



















at the leading edge of atthe leading edge of 
VLT VLT 





Single row buffer 












1CCLK afterleading |1CCLK after leading 
edge of CURS edge of CURS 


Table 2: Double Height/Width CURS deactivation for top scan 
line of new data row. 





Double row buffer 





345 





PROCESSOR ADDRESSABLE REGISTERS 


All CRT 9007 registers are selected by specifying the 
address on VA5-0 and asserting CS. All 14 bit registers are 
written or read as two consecutive 8 bit registers addressed 
low byte first. Only the VERTICAL CURSOR REGISTER 
and the HORIZONTAL CURSOR REGISTER are read/write 
registers with 2 different addresses for read or write oper- 
ations. The register address assigned to each register rep- 
resents the actual address in hexadecimal form that must 
appear on VA5-0. Figure 2 illustrates all processor to CRT 
9007 register timing. Tables 3a, 3b, and 3c summarize all 
register bits and provide register addresses. 


HORIZONTAL TIMING REGISTERS 


The following 4 registers define the horizontal timing 
parameters. Figure 19 relates the horizontal timing to these 
registers. 


CHARACTERS PER HORIZONTAL PERIOD (RO) 


This 8 bit write only register, programmed in units of char- 
acter times, represents the total number of characters in 
the horizontal period (trace plus retrace time). This register 
is programmed with the binary number N where N is the 
total characters in the horizontal period. The horizontal period 
should not be programmed for less than 12 characters. 


CHARACTERS PER DATA ROW (R11) 
This 8 bit write only register, programmed in units of char- 


acter times, represents the number of displayable charac- 
ters during the horizontal trace interval. The difference RO 
minus R1 represents the number of character times reserved 
for horizontal retrace. This register is programmed with the 
binary number (N-1) where N is the displayable characters 
per data row. 


HORIZONTAL DELAY (R2) 


This 8 bit write only register, programmed in units of char- 
acter times, represents the time between the leading edge 
of horizontal sync and leading edge of VLT. This register is 
programmed with N where N represents the time of hori- 
zontal delay. By programming this time greater than the 
horizontal blank interval, one can obtain negative front porch 
(horizontal sync begins before the horizontal blank interval). 


HORIZONTAL SYNC WIDTH (R3) 


This 8 bit write only register defines the horizontal sync width 
in units of character times. The start of the sync pulse is 
defined by the HORIZONTAL DELAY REGISTER and the 
end is independent of the start of the active display time. 
This register is programmed with N where N is the horizon- 
tal sync width. However this register must be programmed 
less than or equal to [(A/2)-1] where A is the programmed 
contents of REGISTER @ rounded to the smallest even 
integer. 





VERTICAL TIMING REGISTERS 


The following 5 registers define the vertical timing param- 
eters. Figure 20 relates the vertical timing to these regis- 
ters. 


VERTICAL SYNC WIDTH (R4) 


This 8 bit write only register defines the vertical sync width 
in units of horizontal periods. The start of this signal is defined 
by the delay register (R5) and the end is independent of 
the start of the active display time. This register is pro- 
grammed with N where N is the vertical SYNC width. 


VERTICAL DELAY (R5) 


This 8 bit write only register, programmed in units of hori- 
zontal periods, represents the time between the leading edge 
of vertical sync and the leading edge of the first VLT after 
the vertical retrace interval. This register is programmed with 
(N+1) where N represents the time of the vertical delay. 


VISIBLE DATA ROWS PER FRAME (R7) 
This 8 bit write only register defines the number of data rows 


displayed on the screen. This register is programmed with 
(N-1) where N is the number of data rows displayed. 


SCAN LINES PER DATA ROW (R8) 


The 5 LSBs of this write only register define the number of 
scan lines per data row. These 5 bits are programmed with 
(N-1) where N is the number of scan lines per data row. When 
programming for scan lines per data row greater than 16, 
only the serial scan line pin option (SLD, ) can be used. 


SCAN LINES PER VERTICAL PERIOD (R8; R9) 
Registers R9 and the 3 most significant bits of R8 define 
the number of scan lines for the entire frame. R8 contains 
the 3 most significant bits of the 11 bit programmed value 
and R9 contains the 8 least significant bits of the 11 bit pro- 
grammed value. The 11 bits are programmed with N where 
N is the number of scan lines per frame. In the 2 interlace 
modes, the programmed value represents the number of 
scan lines per field. 


———— ONE SCAN UNE 


aaa cra Wg se 


RO 


VLT | ACTIVE DISPLAY TIME | | 
HOR. ssc ti(ité‘ RL 


FIGURE 19: CRT 9007 HORIZONTAL TIMING 
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ONE COMPLETE FRAME —————> 


Ae ons 


VERT. BLANKING 
(NO SKEW) 


VERT. SYNC 


Ro 


| [e- R5 


| DATA ROW DISPLAY TIME | | | 


R4——_> 


FIGURE 20: CRT 9007 VERTICAL TIMING 


PIN CONFIGURATION/SKEW BITS REGISTER (R6) 


This 8 bit write only register is used to select certain pin 
configurations and to skew (delay) the cursor and the blank 
signals independently with respect to the video signal sent 
to the monitor. The bits take on the following definition: 


Bit 7, 6 (Pin Configuration) 


These 2 bits, as illustrated in tables 4 and 5, define all pinout 
configurations as a function of double row buffer mode and 
non double row buffer mode. (The buffer mode is defined 
inthe CONTROL REGISTER bits 3, 2, and 1.) The attribute 
assemble mode is assumed to be a double row buffer mode 
and obeys table 4. 


Bits 5, 4, 3 (Cursor skew) 


These three bits define the number of character clocks the 
cursor signal is skewed (delayed) from the VLT signal. The 


REGISTER R6 BITS CRT 9007 PIN NUMBER 
6 28 29 30 31 32 33 
DMAR WBEN SLGSLD CSYNC ACK 


DMAR WBEN SLGSLD LPSTB ACK 


NOT PERMITTED 
NOT PERMITTED 





Table 4: Pin configuration for double row buffer and attribute 
assemble modes. 





VLT signal is active for all characters within a data row and 
anon skewed cursor will always become active within the 
active VLT time at the designated position. The cursor can 
be skewed from 0 to 5 character clocks (Bits 5, 4 and 3 pro- 
grammed from 000 to 101, bit 5 is the most significant bit; 
bit 3 is the least significant bit). For double height/width data 
rows, the cursor signal appearing during horizontal retrace 
is also skewed as programmed. 


Bits 2, 1, 0 (Blank skew) 


These three bits define the number of character clocks the 
horizontal blank component of the CBLANK signal is skewed 
(delayed) from the VLT signal. The edges of VLT will line up 
exactly with the edges of the horizontal component of the 
CBLANK signal if no skew is programmed. The CBLANK 
can be skewed from 0 to 5 character clocks (Bits 2, 1 and0O 
programmed from 000 to 101, bit 2 is the most significant 
bit; bit O is the least significant bit). 


REGISTER6 BITS CRT 9007 PIN NUMBER 


0 0 SL3. SL2_-SL1 SLO CSYNC TSC 

1 0 SL3° _SL2_ SL1 SLO LPSTB TSC 

1 1 | VBLANK CSYNC SLGSLD LPSTB TSC 
eta NOT PERMITTED 


Table 5: Pin configuration for Single Row Buffer and Repetitive 
Memory Addressing Modes. 



















‘DMA CONTROL REGISTER (RA) 


This 8 bit write only register allows the user to setup aDMA 
burst count and delay as well as disable the DMA mecha- 
nism of the CRT 9007. The register bits have the following 
definition: 


Bit 7 (DMA Disable) 


A logic one will immediately force the CRT 9007 DMA request 
to the inactive level and the CRT 9007 address bus (VA13- 
VAQ) will enter its high impedance state. After enabling the 
DMA mechanism by setting this bit to a logic zero, a start 
command must be issued (see START COMMAND, R15). 


Bits 6, 5, 4 (DMA Burst Delay) 


These 3 bits define the number of clock delays (CCLK) 
between successive DMAR-ACK sequences. Bit 6 is the 
most and bit 4 is the least significant bit respectively. When 
programmed with a number N, the CRT 9007 will delay for 
4 (N+ 1) clock cycles before initiating another DMA request. 
If 111 is programmed, however, this will result in a zero delay 
allowing all characters to be retrieved from video RAM in 
one DMA burst regardless of the value programmed for the 
DMA burst count. 


Bits 3, 2, 1,0 (DMA Burst Count) 
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These 4 bits define the number of DMA operations in one 
DMAR-ACK sequence. Bit 3 is the most and bit 0 is the least 
significant bit respectively. When programmed with a num- 
ber N, the CRT 9007 will produce 4 (N+ 1) DMA cycles before 
relinquishing the bus. When programmed with 0000, the 
minimum DMA Burst will occur (4 x 1 =4) and when pro- 
grammed with 1111 the maximum DMA Burst will occur 
(4 x 16=64). When bits 6, 5, and 4 are programmed with 
111, no DMA delay will occur and the Burst count will equal 
the number of programmed characters per data row as 
specified in R1. Refer to figures 9 and 15 which illustrate a 
DMA burst of 16 and a DMA delay of 8 for double row buffer 
and attribute assemble modes respectively. For single row 
buffer operation, no DMA delay is permitted and bits 6, 5, 4 
must be programmed with 000. 


CONTROL REGISTER (RB) 


This 7 bit write only register controls certain frame opera- 
tions as well as specifying the operation mode used. Inter- 
nalto the CRT 9007, this register is double buffered. Changes 
in the register are reflected into the CRT 9007 at a particular 
time during vertical retrace. This allows the user to update 
the CONTROL REGISTER at any time without running the 
risk of destroying the frame or field currently being painted. 





The bits take on the following definition: 


Bit 6 (PB/SS) 

= 0; The smooth scroll mechanism is enabled per- 
mitting the SMOOTH SCROLL OFFSET REGIS- 
TER (R17) to be loaded in the scan line counter (SL3- 
0 or SLG, SLD signals) allowing for a scroll on the 
screen of apredetermined number of scan lines per 
frame or field. The starting and ending of the smooth 
scroll operation is defined by the DATA ROW START 
REGISTER (R11) and DATA ROW END REGIS- 
TER (R12) respectively. 


= 1; The page blank mechanism is enabled. The 
CBLANK signal is made active high for a continu- 
ous period of time starting and ending at the data 
row defined by the DATA ROW START REGISTER 
(R11) and DATA ROW END REGISTER (R12) 
respectively. 


Bits 5, 4 (Interlace)—these 2 bits define one of 3 displayed 
modes as illustrated in figure 21 


= 00; Non interlaced display 


= 10; Enhanced video interlace. This display mode will 
produce an interlaced frame with the same dot 
information painted in adjacent odd/even scan lines. 


= 11; Normal video interlace. This display mode will 
produce an interlaced frame with odd scan lines of 
characters displayed in odd fields and even scan 
lines displayed in even fields. This mode can be used 
to allow the screen to show twice as many data rows 
at half the height since it effectively doubles the 
character density on the screen. 


= 01; This combination is not permitted. 


Bits 3, 2, 1 (Operation modes): These 3 bits define the var- 
ious buffer configuration modes as follows: 


row is retrieved from video memory. The address 
bus will enter its high impedance state in accord- 
ance with the DMA mechanism for address bus 
arbitration. 

100; (Single row buffer)—In this mode, during the 
first scan line of each data row, the CRT 9007 will 
address video memory, load the buffer and feed the 
character generator at the painting rate of the CRT. 
If the CRT 9007 is used in a row driven addressing 
mode, it will drive the address bus during the retrace 
period prior to the first scan line of each data row in 
order to retrieve the row table address. It will auto- 
matically enter the high impedance state at the end 
of the first visible scan line of each data row. If the 
CRT 9007 is used ina sequential addressing mode, 
it will drive the address bus only during the visible 
line time of the first scan line of each data row. 


111; (Attribute assemble)—In the attribute assem- 
ble mode, character data and attribute data are 
shared in consecutive alternating byte locations in 
memory. When the CRT 9007 reads an attribute byte, 
it loads it into its internal attribute latch. During the 
next memory access, a character byte is fetched. 
At this time the CRT 9007 isolates its bus from the 
main system bus and outputs the previously latched 
attribute. A WBEN signal is produced during every 
character byte fetch to allow the character and its 
associated attribute to be simultaneously latched into 
two double row buffers. This mode assumes that 
there exists twice as many byte locations as there 
are displayable character positions on the CRT. The 
first byte of every data row is assumed to be an 
attribute. 


All other combinations of the CONTROL REGIS- 
TER bits 3, 2, 1 are not permitted. 


= 000; (Repetitive memory addressing)—In this mode Bit O (2XC/1 XC): This bit allows for either single or double 
the address information (VA13-VAO) appears dur- height cursor display when the cursor is placed within a 
ing every visible scan line and the address bus enters double height data row as follows: 
its high impedance state during all retrace intervals. = 1; (Single height cursor)—The CURS signal will 


When using a row driven addressing mode (linked 
list or contiguous), the address bus is in the high 
impedance state for all retrace intervals except the 
horizontal retrace interval prior to the top scan line 
of anew data row. This period can be distinguished 
from other retrace intervals because the DRB (data 
row boundary) signal is active. 


001; (Double row buffer)—In this mode, the CRT 
9007 will address a particular data row from video 
memory one data row prior to the time when it is 
displayed on the CRT. During vertical retrace, the 
first data row is retrieved and loaded into the double 
row buffer. At the next data row boundary (in this 
case at the end of vertical retrace), the first data row 
feeds the character generator while the second data 


CHARACTER CHARACTER 
SCAN LINE SCAN LINE 


appear during every scan line for single height data 
rows and will appear only during the top half or bot- 
tom half of a double height data row depending upon 
where the VERTICAL CURSOR REGISTER (R18, 
R38) defines the CURSOR data row. 


0; (Double height cursor)—lf the VERTICAL CUR- 
SOR REGISTER (R18, R38) places the cursor in 
the top half of a double height data row, the CURS 
signal will appear during every scan line of the top 
half (the current data row) and the bottom half (the 
next data row) of the double height data row. If the 
cursor is placed in the bottom half of a double height 
data row or if it is placed in a single height data row, 
the CURS signal will only appear during the one 
particular data row. 


CHARACTER 
SCAN LINE 
0 


Odd Even 
Field Field Field 


(a) NON-INTERLACE (b) ENHANCED (c) NORMAL VIDEO 
VIDEO INTERLACE INTERLACE 


FIGURE 21: CRT 9007 INTERLACE MODES 
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TABLE START REGISTER (RC AND RD) 


This 16 bit write only register contains a 14 bit address which 
is used in a variety of ways depending on the addressing 
mode chosen; the 2 remaining bits define the addressing 
mode. Register C contains the lower 8 bits of the 14 bit 
address. The 6 least significant bits of register D contain 
the upper 6 bits of the 14 bit address. The 2 most significant 
bits of register D define four addressing modes as follows: 


Register D bits 7, 6: 


= 00; (Sequential addressing mode)—The CRT 9007 
will address video memory in a sequential fashion 
starting with the 14 bit address contained in REG- 
ISTER D bits 5-O and REGISTER C bits 7-0. 2 
sequential breaks are allowed as defined by 
SEQUENTIAL BREAK 1 (R10) using AUXILIARY 
ADDRESS REGISTER 1 (RE and RF) and 
SEQUENTIAL BREAK 2 (R12) using AUXILIARY 
ADDRESS REGISTER 2 (R13 and R14). 


= 01; (Sequential roll addressing mode)—The CRT 
9007 will address video memory in a sequential 
fashion starting with the 14 bit address contained in 
REGISTER D bits 5-O and REGISTER C bits 7-0. 
SEQUENTIAL BREAK REGISTER 1 and AUXIL- 
IARY ADDRESS REGISTER 1 can be used to cause 
one sequential break as described in the sequential 
addressing mode. A second break in the sequential 
addressing can be defined by SEQUENTIAL BREAK 
REGISTER 2 (R12) and AUXILIARY ADDRESS 
REGISTER 2 (R13 and R14) permitting up to 3 sep- 
arate sequentially addressed screens to be painted. 


= 10; (Contiguous row table mode)—The CRT 9007 
will address video memory according to the contig- 
uous row table format. The 14 address bits con- 
tained in REGISTER D bits 5-0 and REGISTER C 
bits 7-0 define an address that points to the begin- 
ning of the contiguous row table. 


= 11; (Linked list row table mode)—The CRT 9007 will 
address video memory according to the linked list 
row table format. The 14 address bits contained in 
REGISTER D bits 5-0 and REGISTER C bits 7-0 
define the address at which the second row table 
entry and the first data row reside. 


AUXILIARY ADDRESS REGISTER 1 (RE and RF) 


This 16 bit write only register contains a 14 bit address. The 
6 least significant bits of REGISTER F contain the upper 
order 6 bits of the 14 bitaddress and REGISTER E contains 
the 8 lower order bits of the 14 bit address. When the cur- 
rent data row equals the value programmed in SEQUEN- 
TIAL BREAK REGISTER 1 (R10) the remainder of the screen 
is addressed sequentially starting at the 14 bit address 
specified in this register. This sequential break overrides 
any row driven addressing mode used prior to the sequen- 
tial break. 


The 2 most significant bits of REGISTER F allow one to 
attach double height and/or double width characteristics to 
every data row in this sequentially addressed area in the 
following way: 


For Double row buffer or attribute assemble mode REG- 
ISTER F Bits 7, 6 

= 00; single height single width 

= 01; single height double width 

= 10; even data rows are double height double width 


top half odd data rows are double height double 
width bottom half 


11; odd data rows are double height double width 
top half even data rows are double height dou- 
ble width bottom half 


tl 


For Single row buffer or repetitive memory addressing mode 
REGISTER F Bits 7, 6 
= 00; single height single width 

01; single height double width 

= 10; odd data rows are double height double width 
top half even data rows are double height dou- 
ble width bottom half 

11; even data rows are double height double width 
top half 


odd data rows are double height double width 
bottom half 





SEQUENTIAL BREAK REGISTER 1 (R10) 


This 8 bit write only register defines the data row number in 
which a new sequential video address begins as specified 
by AUXILIARY ADDRESS REGISTER 1 (RE and RF). To 
disable the use of this break, the register should be loaded 
with a data row count greater than the number of display- 
able data rows on the screen. 


DATA ROW START REGISTER (R11) 


This 8 bit write only register defines the first data row num- 
ber at which a page blank or smooth scroll operation will 
begin. Bit 6 of the CONTROL REGISTER determines if a 
page blank or smooth scroll operation will occur. 


DATA ROW END/SEQUENTIAL BREAK 
REGISTER 2 (R12) 


This 8 bit write only register has a dual function depending 
on the addressing mode used. For row driven addressing 
(contiguous or linked list as specified by the 2 most signifi- 
cant bits of the TABLE START REGISTER) this register 


defines the data row number which ends either a page blank 
or smooth scroll operation. The row numerically one less 
than the row defined by this register is the last data row on 
which the page blank or smooth scroll will occur. To use the 
page blank feature to blank a portion of the screen that 
includes the last displayed data row, this register must be 
programmed to zero. For sequential addressing, this reg- 
ister can cause a break in the sequential addressing at the 
data row number specified and a new sequential address- 
ing sequence begins at the address contained in AUXIL- 
IARY ADDRESS REGISTER 2. 


AUXILIARY ADDRESS REGISTER 2 (R13 and R14) 
This 16 bit write only register contains a 14 bit address. The 
6 least significant bits of REGISTER 14 contain the upper 
order 6 bits of the 14 bit address and REGISTER 13 con- 
tains the 8 lower order bits of the 14 bit address. In the row 
driven addressing mode, this register is automatically loaded 
by the CRT 9007 with the current table address. The two 
most significant bits of REGISTER 14 specify one of four 
combinations of row attributes (for example double height 
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double width) on a row by row basis. Refer to the section 
entitled Double Height/Double Width operation for the 
meaning of these 2 bits. In the sequential addressing mode, 
this register can be loaded by the processor with a 14 bit 
address and a 2 bit row attributes field. The bit positions are 
identical for the row driven addressing mode. When the 
Current data row equals the value programmed in DATA ROW 
END/SEQUENTIAL BREAK REGISTER 2 (R12), the 
remainder of the screen is addressed sequentially starting 
at the location specified by the programmed 14 bit address. 
The 2 most significant bits of register 14 allow one to attach 
double height and or double width characteristics to every 
data row in this sequentially addressed area. The bit defi- 
nitions take on the same meaning as the 2 most significant 
bits of AUXILIARY ADDRESS REGISTER 1 and affect the 
display in an identical manner. 


START COMMAND (R15) 


After all vital screen parameters are loaded, a START com- 
mand can be initiated by addressing this dummy register 
location within the CRT 9007. ASTART command must be 
issued after the DMA mechanism is enabled (DMA CON- 
TROL REGISTER bit 7). 


RESET COMMAND (R16) 


The CRT 9007 can be reset via software by addressing this 

dummy location. Activation of the RST input pin or initiating 

this software command will effect the CRT 9007 in an iden- 

is manner. The reset state of the CRT 9007 is defined as 
ollows: 


CRT 9007 outputs Reset state 
VA13-0 High impedance 
VD7-0 High impedance 
HS High 

VS High 

CBLANK High 

CURS Low 

VLT Low 

DRB High 

INT Low 

Pin 28 Low 

Pin 29 Low 

Pin 30 Low 

Pin 31 Low 

Pin 32 Low 


SMOOTH SCROLL OFFSET REGISTER (R17) 


This register is loaded with the scan line offset number to 
allow a smooth scroll operation to occur. The offset register 
causes the scan line counter output of the CRT 9007 to start 
at the programmed value rather than zero for the data row 
that starts the smooth scroll interval. The start is specified 
inthe DATA ROW START REGISTER (R11). Typically, this 
register is updated every frame and it ranges from zero (no 
offset) to a maximum of the programmed scan lines per data 
row (maximum offset). For example, if 12 scan lines per data 
row are programmed (scan line 0 to scan line 11) an offset 
of ero will cause an unscrolled display. An offset of one will 
cause a display starting at scan line 1 and ending at scan 
line 11 (eleven scan lines total). An offset of eleven will cause 
a display starting at scan line eleven. 


The next scan line will be zero, starting the subsequent data 
row. To allow smooth scroll of double height rows, the pro- 
grammed range of the register is from Zero to twice the pro- 
grammed scan lines per data row. Whenever the offset 
register if greater than the programmed scan lines per data 
row, bit 7 of the register must be set to a logic 1 (offset over- 
flow). It must be set to a logic zero at all other times. The 6 
bit offset value occupies bits 6 through 1. Bit O must always 
be programmed with a logic zero. By setting the offset over- 
flow (bit 7) to a logic 1, itis possible to have the bottom half 
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of a double height data row stand alone in Single Row Buffer 
Mode by poem the scrolled data row as double height 
top half and loading R17 with the proper value. 


VERTICAL CURSOR REGISTER (R18 or R38) 


This 8 bit read/write register specifies the data row in which 
the cursor appears. To write into this register it is addressed 
as R18 and to read from this register itis addressed as R38. 


HORIZONTAL CURSOR REGISTER (R19 or R39) 


This 8 bit read/write register specifies the character posi- 
tion in which the cursor appears. To write into this register 
it is addressed as R19 and to read from this register it is 
addressed as R39. 


It should be noted that the vertical and horizontal cursor is 
programmed in an X-Y format with respect to the screen 
and not dependant upon a particular location in video 
memory. The cursor will remain stationary during all scroll 
operations. 


INTERRUPT ENABLE REGISTER (R1A) 


This 3 bit write only register allows each of the three CRT 
9007 interrupt conditions to be individually enabled or dis- 
abled according to the following definition: 


Bit 6 (Vertical retrace interrupt)—This bit, when set to a logic 
one, will cause the CRT 9007 to activate the INT signal when 
avertical retrace (i.e., the start of the vertical blanking interval) 
begins. 

Bit 5 (Light pen interrupt)—This bit, when set to a logic one, 
will cause the CRT 9007 to activate the INT signal when the 
LIGHT PEN REGISTER (R3B, R3C) captures an X-Y coor- 
dinate. This interrupt, which occurs at the beginning of vertical 
retrace, reflects the occurrence of a LPSTB input on the 
frame or field just painted. This interrupt need not be ena- 
bled when other CRT 9007 interrupt conditions are enabled 
since the STATUS REGISTER (R3A) will flag the occur- 
ance of a light pen update and servicing can be done off of 


-other interrupts. 


Bit 0 (Frame timer)—This bit, when set to a logic one, allows 
the CRT 9007 to activate the INT signal once every frame 
or field at a time when a potential smooth scroll update may 
occur. In this way the user can use the frame timer interrupt 
as both a real time clock and can service smooth scroll 
updates and other frame oriented operations by using the 
appropriate status bits. This interrupt will occur after the last 
row table entry is read by the CRT 9007. In single row buffer 
operation, this will occur one data row before the start of 
vertical retrace. In double row buffer operation, this will occur 
two data rows before the start of vertical retrace. 


STATUS REGISTER (R3A) 


This 5 bit register flags the various conditions that can 
potentially cause an interrupt regardless of whether the 
corresponding condition is enabled for interrupt. In this way 
some or all of the conditions can be reported to the proces- 
sor via the STATUS REGISTER. If some of the conditions 
are enabled for interrupt, the processor, in response to an 
interrupt, simply has to read the STATUS REGISTER to 
determine the cause of the interrupt. The bit definition of the 
STATUS REGISTER is as follows: 


Bit 7 (Interrupt Pending)—This bit will set when any other 
status bit, having its corresponding interrupt enabled, 
experiences a 0 to 1 transition. In this manner, when the 
processor services a potential CRT 9007 interrupt, it only 
has to test the interrupt pending bit to determine if the CRT 
9007 caused the interrupt. If it did, the individual bits can 
then be tested to determine the details of the CRT 9007 
interrupt. Any noninterruptable status change (corre- 
sponding interrupt enable bit reset to a logic 0) will not be 
reflected in the interrupt pending bit and must be polled by 


the processor in order to provide service. The interrupt 


pending bit is reset when the status register is read. All other 
bits except Light Pen Update are reset to a logic 0 at the 
end of the vertical retrace interval. The light pen update bit 
is reset to a logic O when the HORIZONTAL LIGHT PEN 
REGISTER is read. 


Bit 6 (Vertical Retrace)—A logic 1 indicates that a vertical 
retrace interval has begun. 


Bit 5 (Light Pen Update)—A logic 1 indicates that a new 
coordinate has been strobed into the LIGHT PEN REGIS- 
TER. It is reset to a logic zero when the HORIZONTAL LIGHT 
PEN REGISTER is read. The light pen coordinates may have 
to be modified via software depending on light pen char- 
acteristics. 


Bit 2 (odd/even)—For a normal video interlaced display, this 
bit is a logic 1 when the field about be painted is an odd field 
and 7 ¢ logic zero when the field about be painted is an 
even field. 


TOTAL CHAR 
PER HOR. 


PROG. PROG 


Bit O (Frame timer occurred)—This bit becomes a logic 1 
either one or two data rows before the start of vertical retrace. 
Since this bit is set when the CRT has finished reading the 
row table for the frame or field just painted, it permits row 
table manipulation to start at the earliest possible time. 


VERTICAL LIGHT PEN REGISTER (R3B) 


This 8 bit read only register contains the vertical coordinate 
captured at the time the CRT 9007 received a light pen strobe 
signal (LPSTB). 


HORIZONTAL LIGHT PEN REGISTER (R3C) 


This 8 bit read only register contains the horizontal coordi- 
nate captured at the time the CRT 9007 received a light pen 
strobe signal. When a coordinate is captured, the appro- 
priate status bit is set and further transitions on LPSTB are 
ignored until this register is read. The reading of this ig 
ister will reset the light pen status bit in the STATUS REG- 
ISTER. The captured coordinate may have to be modified 
in software to allow for light pen response. 


PROG 
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FIGURE 3: TYPICAL SYNC WAVEFORMS FOR INTERLACED AND NON-INTERLACED MODES 
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FIGURE 5: SERIAL SCAN LINE TIMING: INTERLACE 
OR DOUBLE HEIGHT DATA ROWS 





MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Ranges. 3 i aes Lol deeded SA eae eee ane and Ge hated 0° to + 70°C 
Storage Temperature Range .... 2... ccc tee cee tect eens eee e teen nnenees — 55°C to + 150°C 
Lead Temperature (soldering, 10SeC.).. 0... nee tee eee cen e et beeen betes tenes + 325°C 
Positive Voltage on any Pin, with respect to ground.......... cece eee eee eee Daautsedh flee chad caSalis Andkasitepuneudtelc +8V 
Negative Voltage on any Pin, with respect to ground ................0..02 eee sd aie rengod a hare oe tone e eels aA -0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of 
the device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings 
not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their outputs when the 
AC power is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists itis suggested that a clamp circuit be used. 2. 


DC ELECTRICAL CHARACTERISTICS T, =0°C to + 70°C, Vc =5.0V+5% 


PARAMETER | TYP [| MAX | UNITS COMMENTS 


Input voltage 
V Low Vv 
Vin High : V all inputs except CCLK 
Vine High ‘ Vv input; see note 4 
Vv 
V 
pA 


AND 
noo 


Output voltage 
Low 0.4 lo. = 1.6mA 
Vou High lon = 100pA 
Input leakage current 

10 0<Vin<3.5V; excluding CCLK 
Vy = 5V; for CCLK 


pA Vin = OV; for CCLK 


AC ELECTRICAL CHARACTERISTICS? T, = 0°C to + 70°C, Voc =5.0V + 5% 





Input capacitance 
CCLK input at 1 MHZ 





Power supply current 


OD [ocr 
Zz 
i 
hb 
hp— 
RO 
Sa |8o 
ras) 
coho) ‘= 
am > 


loc 























PARAMETER | MIN. | TYP MAX COMMENTS 
Clock 
toy clock period 330 1200 ns for double row buffer or 
attribute assemble 
300 1200 ns for all other operation modes 
tore clock low 90 ns ; 
torn clock high 150 ns 
toxr clock rise time 15 ‘ ns measured from 
0.8V to 3.5V level 
toxe clock fali time 10 ns measured from 90% to 10% 
points 
Output delay’ 
tor 150 ns 
too : 150 ns 
tog 150 ns 
toa : 150 ns 
tva 25 115 ns measured to the 2.3V or 0.5V 
level on VA13-VAO 
tost 500 ns 
tos 185 ns 
tos 185 ns 
tosy 185 ns . 
tvos 50 ns valid for loading auxiliary 
address register 2 or the 
attribute latch 
tv 10 ns 
tvoo 185 ns c, = 50pF 
tsic 185 ns 
tsio 185 ns 
tor 240 ns cursor skew of zero 
tor 185 ns cursor skew of one 
4 through five 
tos 00 eat ns 
Processor Read/write2 a0 —— 
tas ; 110 ns 
tan 0 ns 
tow 165 ns 
tos 650 ns 
teps 100 ns 
tepy 0 “ns 
tepa 140 ns 
topo 10 85 ns 
tar 400 ns 
Miscellaneous timing 
tats 25 115 ns measured from the 0.4V level 
of ACK or TSC falling edge 
taw Atey ns measured from the 0.4V level 
falling edge to 0.4V level 
rising edge 
tanw. 50 ns see figure 24 
taxs 50 ns see figure 24 
NOTE: : 
1. Timing measured from the 1.5V level of the rising edge of CCLK to the 2.4V 3. Loading on all outputs is 30 pF except where noted. eos, 
(high) or 0.4V (low) voltage level of the ouput unless otherwise noted. 4. This level must be reached before the next falling edge of CCLK. 


2. Reference points are 2.4V high and 0.4V low. 
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all inputs except CCLK at 1 MHZ 


VLT, WBEN 


DRB 


SL3-0 


CSYNC, DMAR, 
CBLANK 


tvo0 
s ATTRIBUTE 
t DATA OUT 


= tvos tvon 


+5V 
3900 
To CCLK 
scot: ONLY) Input 


74804 or equivalent 


GURE 22: CRT 9007 TIMING PARAMETERS: OUTPUT SIGNAL FIGURE 25: RECOMMENDED CCLK 
FIGURE 22: CRT 9007 TIMING METERS: OUTPUT S s DRIVER CIRCUIT 


t 


tva 
Hn _ 
ACK, TSC 
VD7-0 (WRITE 
D7-0( ) ACTIVE HIGH IMPEDANCE ACTIVE 
* 
s 


VD7-0 (READ) 


INT (falling edge only) # tars iS controlled directly from ACK or TSC or from the particular CCLK that ends a DMA 
burst cycle. 


FIGURE 2: CRT 9007 PROCESSOR READ AND WRITE — FIGURE 23: CRT 9007 MISCELLANEOUS 
TIMING PARAMETERS TIMING PARAMETERS 
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REGISTER 
ADDRESS DECODE BIT DEFINITION eee 
(HEX) 
Register Type VA5 VA4 VA3  VA2 VAI 


07 06 DS 04 03 d2 D1 oo 


PINCONFIG-| CURSOR SKEW 4 BLANKSKEW 
WRIT RG 
wane Prt ues VISIBLE DATA ROWS PER FRAME ae te 
SCAN LINES/FAAME SCAN LINES PER DATA ROW 
WRITE (88) | MSB LSB R8 


WRITE (B87) SCAN LINES PER FRAME LSB (Bo) RQ 


Table 3a; CRT 9007 Screen Format Registers 


REGISTER 
ADDRESS DECODE BIT DEFINITION oa 
(HEX) 
RegisterType VAS VA4 VA3 VA2 VAI VAQ 04 D3 D2 01 





WRITE DMA BURST COUNT 
LSB 


MSB 
INTERLACE 
OPERATION MODES 
WRITE TABLE START REGISTER (LS BYTE) 


WRITE = TABLE STRT REGISTER (MS BYTE) 
MSB 
WRITE MSB AUXILIARY ADDRESS REGISTER 1(LSBYTE) gp 


ROW 
WRITE ATTRIBUTES wa ADDRESS REGISTER 1 (MS BYTE) 


WRITE SEQUENTIAL BREAK REGISTER 1 
WRITE DATA ROW START REGISTER 
WRITE 
WRITE 


AUXILIARY ADDRESS REGISTER 2 (MS BYTE) 
we MSB LSB 


Table 3b: Control and Memory Address Registers 


REGISTER 
ADDRESS DECODE BIT DEFINITION NUMBER 


(HEX) 
Register Type VAS VA4 VA3 VA2 VA1_ VAO 06 DS D4 03 02 D1 


READ OR 
WRITE START COMMAND R15 


READ OR 
WRITE RESET COMMAND R16 


WRITE OFFSET VALUE R17 


WRITE po fo | o | VERTICAL CURSOR REGISTER (ROW COORD.) 

READ R18 or R38 
WRITE HORIZONTAL CURSOR REGISTER (COL. COORD.) 

READ MSB LSB R19 or R39 


WRITE 


VERTICAL LIGHT PEN REGISTER (ROW COORD.) 
MSB HORIZONTAL LIGHT PEN REGISTER (COL. COORD.) LSB 





Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
——_— 






CRT 9021A 
CRT 9021B 


[LPC FAMILY 


CRT Video Attributes Controller 
VAC 


FEATURES 


(] On chip video shift register 
Maximum shift register frequency 
CRT 9021A 30MHz 
CRT 9021B 28.5 MHz 


(J On chip attributes logic 
Reverse video 
Character blank 
Character blink 
Underline 
Full/half intensity 


CJ Four modes of operation 
Wide graphics 
Thin graphics 
Character mode without underline 
Character mode with underline 


[On Chip logic for double height/double 
width characters 


_] Accepts scan line information in parallel 
or serial format 


_] Four cursor modes dynamically selectable via 2 
input pins 
Underline 
Blinking underline 
Reverse video 
Blinking reverse video 


L] Programmable character blink rate 


PIN CONFIGURATION 


HF 21 VSYNC 


19 SLO/SLD 
r) 18 SL1/SLG 
17 SL2/BLC 
16 SL3/BKC 


INTOUT 10 
CURSOR 11 
RETBL 120 
LO/SH 130 
VIDEO 140] 


PACKAGE 28-pin D.1.P. 


(J Programmable cursor blink rate 

C] On chip data and attribute latches 
- (J +5 volt operation 

C] TTL compatible 


O 
C 


MOS n-Channel silicon gate COPLAMOS® process 
Compatible with CRT 5037 VTAC®; CRT 9007 VPAC 


GENERAL DESCRIPTION 


The SMC CRT 9021 Video Attributes Controller 
(VAC) is an n-channel COPLAMOS MOS/LSI device 
containing Graphics logic, attributes logic, data and 
attributes latches, cursor control, and a high speed 
video shift register. The CRT 9021, a character gen- 
erator ROM and a CRT controller such as the CRT 
9007 provide all of the major circuitry for the display 
portion of a CRT video terminal. 

The CRT 9021 serial video output may be con- 
nected directly to a CRT monitor’s video input. The 
maximum video shift register frequency of 28.5 MHz 
or 30 MHz allows for CRT displays of up to 132 char- 
acters per data row. 

The CRT 9021 attributes include: reverse video, 
underline, character blank, character blink, and full/ 
half intensity selection. In addition, when used in con- 
junction with the CRT 9007 VPAC," the CRT 9021 will 
provide double height or double width characters. 

Four programmable cursor modes are provided on 
the CRT 9021. They are: underline, blinking under- 
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line, reverse video character block, and blinking 
reverse video character block. When used in the serial 
scan line input mode, the cursor mode may be selected 
via two input pins. When used in the parallel scan line 
input mode, the cursor mode is a mask program option 
and is fixed at the time of manufacture. 

Two graphics modes are provided. In the wide 
graphics mode, the CRT 9021 produces a graphic 
entity the size of the character block. The graphic entity 
contains eight parts, each of which is associated with 
one bit of the input byte, thereby providing 256 unique 
graphic symbols. The thin graphics mode enables the 
user to create thin line drawings and forms. 

In both graphics modes, continuous horizontal and 
vertical lines may be drawn. Additional flexibility is 
provided by allowing the mask programming of the 
placement and dimensions of the blocks or lines within 
a character block. In the thin graphics mode, mask 
programming allows serrated horizontal or vertical 
lines. 





=> 
=z 
=} 
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D7-DO 
RO/SLD 


CURSOR = R1/SLG 
RETBL R2/BLC 


SINGLE/DOUBLE ATTRIBUTE 
DD/SH HEIGHT/WIDTH VSYNG 


LOGIC 


L 
A 
T 
Cc 
H 


8 BIT SHIFT REGISTER 


FIGURE 1: CRT 9021 BLOCK DIAGRAM 





DESCRIPTION OF PIN FUNCTIONS 
SYMBOL _| FUNCTION 


1, 28, 27, 26, | Data D7-DO In the character mode, the data on these inputs is passed through the Attributes 
25, 24, 23, logic into the 8 bit high speed video shift register. The binary information on D7 
22 will be the first bit output after the LD/SH input goes low... 
In the thin or wide graphics mode these 8 inputs will individually contro! the on/off 
condition of the particular portion of the character block or line drawing. Figures 2 
and 3 illustrate the wide and thin graphics modes respectively and their 
relationships to D7-DO 


Mode Select 0 MSO These 2 inputs define the four modes of operation of the CRT 9021 as follows: 
Mode Select 1 MS1 MS1, MSO = 00; Wide graphics mode 

10; Thin graphics mode 

01; Character mode without underline 

11; Character mode with underline 


See section entitled Display Modes for details. 


Reverse Video REVID When this input and Retrace Blank (RETBL) are both low, data from the 
Attributes and Graphics logic is presented directly to the video shift register. 





It tt we al 








When this input is high and RETBL is low, the Attribute and Graphics logic will 
invert the data before presenting it to the video shift register. 


5 Character blank} CHABL When this input is high, the parallel inputs to the video shift register are all set low 
(or high depending on the state of REVID) thus providing a constant video level 
for the entire length of the character block. 


6 Blink BLINK Wher this input is high and both the RETBL and CHABL inputs are low, the char- 
7 


acter will blink at the programmed character blink rate. Blinking is accomplished 
Intensity In 














by causing the video to go to the background level during the “off” portion of the 
Character Blink cycle. This video level may be either the white or black level 
depending on state of REVID. The duty cycle for the character blink is 75/25 (on/ 
off). This input is ignored if it coincides with the CURSOR input and the cursor is 
formatted to blink. 


The INTIN input along with the INTOUT output provides a user controlled general 
purpose attribute. Data input to INTIN will appear at INTOUT with the same delay 
as that from any other attribute input to the serial video output (VIDEO). By using 
an external mixing circuit, itis possible to raise or lower the voltage level of the 
video output to produce such attributes as “half intensity” or “intensity”. 
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DESCRIPTION OF PIN FUNCTIONS CONT’D 


PINNO.  |NAME 
8 Supply Voltage 
Attribute 
Enable 





Intensity Out 
Cursor 


Retrace Blank 


Load/Shift 
16 





Video 


Video Dot 
Clock 


Scan line 
3/Block Cursor 





17 Scan line 
2/Blink Cursor 





18 Scan Line 
1/Scan Line 
Gate 


19 Scan line 
0/Scan Line 
data 








20 |Ground 


21 Vertical Sync 





SYMBOL 
+5V 
ATTEN 


INTOUT 


CURSOR 








FUNCTION 
+5 volt power supply 


When this input is high, the internal attribute latch is updated at the positive going 
edge of the LD/SH input with data appearing on the REVID, CHABL, MS1, MSO, 
BLINK and INTIN inputs. By selectively bringing this input high, the user will 
update the attribute only at specific character times; all subsequent characters 
will carry with them the attributes last updated thus allowing “field” or ““embed- 
ded” attributes. When using a wide video memory where attribute bits are 
attached to every character, the internal attribute latch may be updated at each 
character by tieing this input high (thus allowing for “invisible” attributes).. 

This output is used in conjunction with the INTIN input to provide a three charac- 
ter pipeline delay to allow for general purpose attributes (Such as intensity) to be 
implemented. See INTIN (pin 7). 

When this input is high and RETBL is low, the programmed cursor format will be 
displayed. When this input is high, and RETBL is high, the CRT 9021 enters the 
double width mode. See section entitled cursor formats for details. 














RETBL 


LD/SH 


VIDEO 


VDC 


SL3/BKC 


SL2/BLC 


SL1/SLG 


SLO/SLD 


GND 











When this input is high, the parallel inputs to the video shift register are uncondi- 
tionally cleared to all zeros and loaded on the next LD/SH pulse. This forces the 
VIDEO output to a low voltage level, independent of all attributes, for blanking the 
CRT during horizontal and vertical retrace time. 


The 8 bit video shift register parallel-in load or serial-out shift operation is estab- 
lished by the state of this input. When high, this input enables the shift register for 
serial shifting with each video dot clock pulse (VDC input). When low, the video 
shift register is parallel loaded on the next video dot clock pulse and all data and 





attributes are moved to the next position in the internal pipeline. In addition, input 


data and attributes are latched on the positive transition of LD/SH. 


The Video output provides the serial dot stream to the CRT. Video is shifted out 
on the rising edge of the video dot clock VDC. The timing of the LD/SH input will 
determine the number of backfill dots. See figure 5. 


This input clock controls the rate at which video is shifted out on the 
VIDEO output. 


This input has two separate functions depending on the way scan line informa- 
tion is presented to the CRT 9021. 

Parallel scan line mode—This input is the most significant bit of the binary scan 
line row address. 

Serial scan line mode—This input controls the cursor's physical dimensions. If 
high the cursor will appear as a reverse video block (the entire character cell will 
be displayed in reverse video). If low, the cursor will appear as an underline on 
the scan line(s) programmed. 


This input has two separate functions depending on the way scan line informa- 
tion is presented to the CRT 9021. 

Parallel scan line mode—This input is the second most significant bit of the 
binary scan line row address. 

Serial scan line mode—This input if low, will cause the cursor to alternate 
between normal and reverse video at the programmed cursor blink rate. The duty 
cycle for the cursor blink is 50/50 (on/off). If this input is high, the cursor will be 
non-blinking. 

This input has two separate functions depending on the way scan line informa- 
tion is presented to the CRT 9021. 

Parallel scan line mode—This input is the next to the least significant bit of the 
binary scan line row address. uss 

Serial scan line mode—This input will be low for 5 or 6 LD/SH pulses to allow the 
scan line information to be serially shifted into the serial scan line shift register. If 
this signal is low for 7 or more LD/SH pulses, the CRT 9021 will assume the par- 
alle! input scan line row address mode. 


This input has two separate functions depending on the way scan line informa- 
tion is presented to the CRT 9021. Refer to figure 6. 

Parallel scan line mode—This input is the least significant bit of the binary scan 
line row address. 

Serial scan line mode—This input will present the scan line information in serial 
form (least significant bit first) to the CRT 9021 and permits the proper scan line 
information to enter the serial scan line shift register during the LD/SH pulses 
framed by SLG (pin 18). 


Ground 











This input is typically connected to the vertical sync output of the CRT controller 
and is used as the clock input for the two on-chip mask programmable blink rate 
dividers. The cursor blink rate (50/50 duty cycle) will always be twice the charac- 
ter blank rate (75/25 duty cycle). In addition, the internal attributes are reset when 
this input is low. The VSYNC input is also used to determine the scan line mode 





(parallel or serial) used. See the section “Scan Line Input Modes”. 
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ATTRIBUTES FUNCTION 
Retrace Blank —The RETBL input causes the VIDEO 


to go to the zero (black) level regard- 
less of the state of all other inputs. 


Reverse Video §©—TheREViIDinputcauses inverted data 


to be loaded into the video shift 
register. 


Character Blank —The CHABL input forces the video to 


go to the current background level as 
defined by Reverse Video. 


Underline —MS1, MS@ = 1, 1 forces the video to 


Blink 


go to the inverse of the background 
level for the scan line(s) pro- 
grammed for underline. 

—The BLINK input will cause charac- 
ters to blink by forcing the video to the 
background level 25% of the time and 
allowing the normal video for 75% of 
the time. When the cursor is pro- 


grammed to blink (not controlled by 
the BLINK input), the video alter- 
nates from normal to reverse video at 
50% duty cycle. The cursor blink rate 
always overrides the character blink 
rate when they both appear at the 
same character position. 

Intensity —The INTIN input and the INTOUT 

(Half Intensity) output allow an intensity (or half 
intensity) attribute to be carried 
through the pipeline of the CRT 9021. 
An external mixer can be used to 
combine VIDEO and INTOUT to cre- 
ate the desired video level. See fig- 
ure 8. 

Table 1 illustrates the effect of the REVID, CHABL, UNDLN 

attributes as a function of the cursor format and the CUR- 

SOR and RETBL inputs. 





TABLE 1: CRT 9021 ATTRIBUTE COMBINATIONS 






CURSOR 
FORMAT 


















BLINKING® 
UNDERLINE?’ 









REVID BLOCK 










BLINKING® 
REVID BLOCK 


2 - at programmed scan line(s) for underline 
3- at cursor blink rate 


Note—cursor blink rate overrides character blink rate. 
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CRT 9021 INPUTS 


VIDEO SHIFT REGISTER 
RETBL | CURSOR| REVID | CHABL | UNDLN LOADED WITH: 


fa Ol ee 
data for all other scan lines. ; 
= 2 zero’s for all other scan lines. 
ipa Pee | 1 1 x! Zero's for selected scan line(s) for cursor; 
Data for all other scan lines. 
1 x! Zero’s for selected scan line(s) for cursor; 
one’s for all other scan lines. Ls 
aie ee eee: 
1 x! One's for selected scan line(s) blinking; 
zero’s for all other scan lines. 
1 x Zero’s for selected scan line(s) blinking; 
Data for all other scan lines. 
eee hes 


| 1 [| xX One's for all scan lines 


1 - if the programmed scan line(s) for cursor and underline coincide, the cursor takes precedence; otherwise both are displayed. 











One’s for selected scan line(s); Data for all 
other scan lines. : 
X All zero's 


Zero’s for selected scan line(s); data for all 
other scan lines. 


One’s for all scan lines. 





xX One's for selected scan line(s) blinking; 


Data for all other scan lines. 


x! Zero’s for selected scan line(s) blinking; 
one’s for all other scan lines. 
Data for all scan lines 

1 


Zero's for selected scan line(s) for 
underline; data for all other scan lines. 


Data for all scan lines 


One's for selected scan line(s) for 
underline; data for all other scan lines. 
Zero’s for all scan lines. 
On 

Data for all scan lines. 
Zero’'s for selected 
scan line(s) for. 
underline; Data for 
all other scan lines. 


One’s for all scan lines. 
Data for all scan lines. 


One's for selected Zero's for selected 
scan line(s); Data scan line(s); Data 
for allother scan lines. | for allother scan lines. 


Zero’s for all scan lines. | One's for all scan lines. . 






X 











Data for all scan lines. 
One's for selected 
scan line(s) for 
underline; Data for 

all other scan lines. 


Zero’s for all scan lines. 


Data for all scan lines. 




























| oO 
1 











DISPLAY 


Inputs MS1 and MS@ select one of four display modes. All 
attributes except underline operate independent of the 
display mode used. Figures 8a and 8b illustrate a typical 
CRT 9021 configuration which operates in all display modes 
for both the parallel and serial scan line modes respectively. 


MS1,MSO = 00 


MS1, MSO = 10 


SL3-SLO ROW # 


0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
. 1010 
1011 
1100 
1101 
1110 
1111 


SL3-SLO ROW # C7 C6 C5 C4 C3 C2 C1 CO BF BFooo 


—Wide Graphics Mode. 


In this display mode, inputs D7-DO 
define a graphics entity as illustrated 
in figure 2. Note that individual bits in 
D7-DO will illuminate particular 
portions of the character block. Table 
2 shows all programming ranges 
possible when defining the wide 
graphic boundaries. No underline is 
possible in this display mode. 


—Thin Graphics Mode. 


In this display mode, inputs D7-DO 
define a graphic entity as illustrated 
in figure 3. Note that individual bits in 
D7-DO will illuminate particular hori- 
zontal or vertical line segments within 
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MODES 


MS1,MSO = 01 


MS1,MSO = 11 


the character block. Table 3 shows 
all programming ranges possible 
when defining the thin graphics 
boundaries. No underline is possi- 
ble in this display mode. 


—Character Mode Without Underline. 
In this display mode, inputs D7-D0 go 
directly from the input latch to the 
video shift register via the Attributes 
and Graphics logic. This mode 
requires either a bit mapped system 
RAM (1 bit in RAM equals 1 pixal on 
the CRT) or an external character 
generator as shown in figures 8a and 
8b. 


—Character Mode With Underline. 
Same operation as MS1,MS@ = 01 
with the underline attribute appear- 
ing on the scan line(s) mask pro- 
grammed. 


[07|D6|D5|04[03[b2[p1|D0 DATA INPUT ON D7-DO 


H3, H2, H1, HO, W1, WO are mask programmable 


VERTICAL HEIGHT HORIZONTAL POSITION 





PROGRAMMABLE _ 
PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 


HORIZONTAL LENGTH VERTICAL POSITION 


[07] 06|05|04)03)02)01)o9) 


PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 


DATA INPUT ON D7-DO 


* These values are fixed 


FIGURE 3: THIN GRAPHICS MODE FOR STANDARD CRT 9021 
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BACKFILL 


Backfill is a mechanism that allows a character width of 
greater than 8 dots and provides dot information (usually 
blanks) for all dot positions beyond 8. The character width 
is defined by the period of the LD/SH input. For the character 
modes, backfill is added to the tail end of the character by 
two methods which are mask programmable. 

Method A — The backfill (BF) dots will be the same 

as the dot displayed in position C7. 


Method B — The backfill (BF) dots will be the same 


as the dot displayed in position CO. 


For the wide graphics mode, the backfill dots will always be 
the same as the dot displayed in position CO (method B) 
with no programmable option. 





CURSOR FORMATS 


Four cursor formats are possible with the CRT 9021. If the 
parallel scan line input mode is used, one of four cursor for- 
mats may be selected as a mask programmed option. If the 
serial scan line input mode is used, the cursor format is 
selected via input pins 16 and 17 (SL3/BKC, SL2/BLC). See 
Table 5. The four cursor modes are as follows: 

Underline — The cursor will appear as an 
underline. The position and width 
of the cursor underline is mask 
programmed. 

— The cursor will appear as an 
underline. The underline will alter- 
nate between normal and reverse 
video at the mask programmed 
cursor blink rate. 

— The cursor will appear as a reverse 
video block (The entire character 


Blinking Underline 


Reverse Video 
Block 


cell will be displayed in reverse 
video). 

— The cursor will appear as a reverse 
video block and the entire block 
(character plus background) will 
alternate between normal and 
reverse video at the masked pro- 
grammed cursor blink rate. 


Scan Line 
Input Mode Pin 17 Pin 16 
Blinking Reverse 


1 0 
1 1 
Serial 0 0 
0 1 
Video Block 


Parallel X Xx Mask programmable 
Only 


TABLE 5: CURSOR FORMATS 


Blinking Reverse 
Video Block 







Cursor Function 
Underline 
Reverse Video Block 
Blinking Underline 















DOUBLE WIDTH MODE 


In order to display double width characters, video must be 
shifted out at half frequency and the video shift register must 
receive new information (parallel load) every other LD/SH 
input pulse. In order to divide the video dot clock (VDC) and 
the LD/SH pulse internally at the proper time, the cursor input 
should be pulsed during RETBL prior to the scan line to be 
displayed as double width. The CURSOR input must remain 
low fora minimum of 1 LD/SH period from the leading edge 
of RETBL. The CURSOR input can stay high for the entire 
RETBL time but should not extend into active video. If it does, 
a cursor will be displayed. It is assumed that the CRT con- 


troller knows when a particular scan line should be double 
width and it should activate the CURSOR in the manner just 
described. Double height/double width characters can also 
be displayed if the scan line count is incremented by the 
CRT controller every other scan line. With respect to the 
CRT 9021, no distinction between double width and double 
height display is necessary. Figure 4 illustrated timing for 
both single and double width modes. The CRT 9007, which 
supports double height double width characters, will pro- 
duce the CURSOR signal as required by the CRT 9021 with 
no additional hardware. 





SCAN LINE INPUT MODES 


Scan line information can be introduced into the CRT 9021 
in parallel format or serial format. Table 6 illustrates the pin 
definition as a function of the scan line input mode. The CRT 
9021 will automatically recognize the proper scan line mode 
by observing the activity on pin 18. In parallel mode, this 
input will be stable for at least 1 scan line and in serial mode 
this input will remain low for about 5’or 6 LD/SH periods. If 
pin 18 goes active low for less than seven but more than 
two continuous LD/SH periods during the last scan line that 
has an active low on the VSYNC input, the serial mode will 
be locked in for the next field. The parallel scan line input 





mode will be selected for the next field if the following two 
conditions occur during VSYNC low time. First, atleast one 
positive transition must occur on pin 18 and second, pin 18 
must be low for seven or more LD/SH periods. Refer to fig- 


ure 7 for timing details. 
CRT 9021 Pin Number 


Scan Line 
Input Mode 











19 18 17 16 
SLD SLG_BLC__BKC 
Parallel SLO SL1 SL2 SL3 





TABLE 6: PIN DEFINITION FOR PARALLEL AND SERIAL SCAN LINE MODES 





PROGRAM OPTIONS 


The CRT 9021 has a variety of mask programmed options. 
Tables 2 and 9 illustrate the range of these options for the 
wide and thin graphics modes respectively. Table 4 illus- 


trates the range of the miscellaneous mask programmed 
options. In addition, Tables 2, 3 and 4 show the mask pro- 
grammed options for the standard CRT 9021. 
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FIGURE 4: CRT 9021 FUNCTIONAL 1/0 TIMING 





MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ...... 2... cc eee ene e nee bennett eee e eens orc to + 70°C 
Storage- Temperature: Range o..5 2 es.c55. ei a eo a etna be ag A Nslicd eek ae anions dgalaeny eaeats ~ 55°C to + 150°C 
Lead Temperature (Soldering, 10 S€C.).. 0. ce nen een n nent eben tee e eee et ennne + 325°C 
Positive Voltage on any Pin, with respect to ground .... 2. cc cet eet eee eee e teen eee nnenes .15V 
Negative Voltage on any Pin, with respect to ground 1.2... 06. cece teeter n nent nnn e tenet enees —0.3V 


“Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not 
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power 
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility exists it is 
suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (T, =0°C to 70°C, Voc = +5V + 5%, unless otherwise noted) 








PARAMETER MIN MAX UNIT COMMENTS 
DC CHARACTERISTICS 
INPUT VOLTAGE LEVELS 
Low Level V,, 0.8 V — 
High Level V,,,, 2.0 V All inputs except VDC, LD/SH 
High Level V,,,. 4.3 V For VDC, LD/SH input 
OUTPUT VOLTAGE LEVELS 
Low Level Vo, 0.4 V ly, = 0.4 MA 
High Level Vou, 2.4 _M lon = 100A 
INPUT LEAKAGE CURRENT = 
Leakage l,, 10 A 0<Vin<Vec; excluding VDC, LD/SH 
Leakage |,, 50 pA 0<Vin=Vec; for VDC LD/SH 
INPUT CAPACITANCE ee 
Cn 10 pf Excluding VDC, LD/SH 
Cine 20 pf For LD/SH 
Cw 25 pf For VDC 
POWER SUPPLY CURRENT 
lec 50 mA 





AC CHARACTERISTICS 


PARAMETER | MIN | TYP | MAX UNIT COMMENTS 


VDC" 

1/tcy, VDC frequency 1.0 
1.0 
lew VDC low 10 
tox VDC high 10 
tcxa VDC rise time 10 Measured from 10% to 90% points 
texe VDC fall time Measured from 90% to 10% points 


LD/SH 
teva 290 ns CRT 9021A; see note 1 
315 ns CRT 9021B 
ts: 7 ns 
tar 0 ns 


CRT 9021A; see note 1 
CRT 9021B 











INPUT SETUP AND HOLD 
ts2 : 35 
tue 0 

MISCELLANEOUS TIMING 


tep 





tow teva 


1-These parameters are Preliminary. 
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(FOR DOUBLE WIDTH) 


FIGURE 5: CRT 9021 INPUT/OUTPUT TIMING 
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FIGURE 6: SERIAL SCAN LINE MODE TIMING 
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FIGURE 7: SERIAL/PARALLEL SCAN LINE MODE SELECTION TIMING 
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SECTION V 





TABLE 2 
WIDE GRAPHICS MASK PROGRAMMING OPTIONS 





































OPTION CHOICES STANDARD CRT 9021 
Height of graphic block* . 
D7 and D3 any scan line(s) RO, R1, R2 
D6 and D2 any scan line(s) R3, R4, R5 
D5 and D1 any scan line(s) R6, R7, R8 
D4 and DO any scan line(s) R9, R10, R11, R12, R13, R14, R15 
Width of D7, D6, D5, D4** any number of dots 0 to 8 C7, C6, C5, C4 





Width of D3, D2, D1, DO** any number of dots 0 to 8 
* Any graphic block pair can be removed by programming for zero scan lines. 
** Total number of dots for both must be equal to the total dots per character with no overlap. 


C3, C2, C1, CO, BF 




















TABLE 3 
THIN GRAPHICS MASK PROGRAMMING OPTIONS 
OPTION CHOICES STANDARD CRT 9021 
Backfill C1 or CO 
Horizontal position for 
D2 and D3 any scan line(s) RO-R15 R5 
D4 any scan line(s) RO-R15 RO 
D5 any scan line(s) RO-R15 R11 
Horizontal length for 
D22 any continuous dots C7-C0, BF C7-C3 
D3? all dots not covered by D2 C3-BF 
Blanked dots for serrated horizontal lines 
D2 any dot(s) C7-CO, BF none 
D3 any dot(s) C7-CO, BF none 
D4 and D5 any dot(s) C7-CO, BF 












Vertical position for 









DO and D1 any dot(s) C7-CO, BF 
D6: any dot(s) C6-CO, BF 
D7! any dot(s) C7-CO 




























Vertical length for 
DO any scan line(s) RO to R5 
D1 all scan lines not used by DO R6 to R15 
D6 no choice; always RO-R15 RO to R15 
D7 no choice; always RO-R15 RO to R15 


1-D7 must always come before D6 with no overlap; otherwise D6 is lost. 
2-D2 and D3 must always overlap by one and only one dot. 


























































TABLE 4 
MISCELLANEOUS MASK PROGRAMMING OPTIONS 
T = [ie 
OPTION CHOICES = STANDARD CRT 9021 
Backfill in character mode C7 or CO ui 
Character blink rate a 8 to 60; divisible by 4 32 
= (division of VSYNC frequency) (7.5 Hz to 1 Hz)! - (1.875 Hz)? 
; Twice the character 16 
Cursor binigtaier blink rate aie (3.75 Hz)" 
character underline position any scan line(s) RO-R15 oe 
cursor underline? any scan line(s) RO-R15 Se not applicable 
underline 
j Blinking underline Sais : 
cursor format Reverse video black Blinking reverse video block 


Blinking reverse video block 
1 - Assumes VSYNC input frequency of 60 Hz. 
2 - Valid only if the cursor is formatted to blink. 
3 - Valid only if the cursor is formatted for underline. 
4 - Valid for the parallel scan line mode only. 
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FIGURE 8a: CRT 9021 SYSTEM CONFIGURATION IN PARALLEL 
SCAN LINE MODE 
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FIGURE 8b: CRT 9021 SYSTEM CONFIGURATION IN 
SERIAL SCAN LINE MODE 


STANDARD MICROSYSTEMS 





CRT 9028 


CRT 9128 


PRELIMINARY 


VTLC 
Video Terminal Logic Controller 


FEATURES 


C2 Built-in High Frequency (4-14 MHz) Oscillator 

CJ Built-in Video Shift Register 

C] Built-in Character Generator 

CL) Bi-Directional Smooth Scroll Capability 

L) Visual Attributes Include Reverse Video, Intensity 

Control, Underline and Character Blank 

L] Separate HSYNC, VSYNC and VIDEO Outputs 

L] Composite Sync (RS170 Compatible) Output 

L] Absolute (RAM address) Cursor Addressing 

CL] MASK Programmable Video Parameters: 
Dots Per Character (6-8) 
Raster Scans Per Data Row (8-12) 
Characters Per Data Row (32,64,80) 
Data Rows Per Page (8,10,12,16,20, 24 or 25) 
Horizontal Blanking (8-32 Characters) 
Horizontal Sync Front Porch (0-7 Characters) 
Horizontal Sync Duration (1-64 Characters) 
Horizontal Sync Polarity 
Two Values of Vertical Blanking (8-127 Scan Lines) 
Two Values of Vertical Sync Front Porch (0-63 Scan 
Lines) 
Two Values of Vertical Sync Duration (1-16 Scan 
Lines) 
Vertical Sync Polarity 
Internal 128 Character 5x8 Dot Font 
Character/Cursor Underline Position 
Scan Row and Column for Thin Graphics Entity 
Segments 
Scan Rows and Columns for Wide Graphics Entity 
Elements 

(] Software Enabled Non-Scrolling 25th Data Row Avail- 

able with 25 Data Row/Page Display 
L] Non-Interlace Display Format 
(] Fill (Erase) Screen Capability 


PIN CONFIGURATION 


1 
2 
3 
4 
5 
6 
7 
8 
9 


vcc 


CRT 9028 CRT 9128 
Pin23 RD Pin23 DS_ 
Pin22 WR Pin22 R/W 


CL] Separate Display Memory Bus Eliminates Contention 
Problems 

( Standard 8-bit Data Bus Microprocessor Interface. 

[_] Wide Graphics with Six Independently Addressable 
Segments Per Character Space 

L) Thin Graphics with Four Independently Addressable 
Segments Per Character Space 

CL Single +5V Supply 

] COPLAMOS® n-Channel Silicon Gate Technology 

(J TTL Compatible 





GENERAL DESCRIPTION 


The CRT 9028 VTLC and CRT 9128 VTLC are mask pro- 
grammable 40 pin COPLAMOS® n-channel MOS/LSI Video 
Display Controller Chips that combine video timing, video 
attributes, alphanumeric and graphics generation, smooth 
scroll and screen buffer interface functions. 


The VTLC incorporates many of the features (previously 
requiring a number of external components) required in 
building a low cost yet versatile display interface. An inter- 
nal mask programmable 128 character font provides for a 


full ASCII character set. Wide graphics allow plotting and . 


graphing capabilities while thin graphics and visual attri- 
butes can make the display of forms straight-forward. 


Two pinout configurations enhance the versatility of the 
VTLC. The CRT 9028 controls data flow over the processor 
system data bus through separate read (RD) and write (WR) 
strobes for use with|the 8085, 8051, Z80®, 8086, and 


*Z80 is a registered trademark of Zilog Corporation. 
28 is a trademark of Zilog Corporation. 
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similar microprocessors or microcomputers. The CRT 9128 
regulates the data flow with a data strobe (DS) and read/ 
write (R/W) enable signals for use with the 6500, Z8™, 68000 
and similar microprocessors or microcomputers. 


The VTLC provides two independent data buses; one bus 
that interfaces to the processor and one that interfaces to 
the display memory. Data is transferred to the display mem- 
ory from the processor through the VTLC eliminating con- 
tention problems and the need for a separate row buffer. 


The VTLC has an internal crystal oscillator requiring only 
an external crystal to operate. Masked constants for critical 
video timing simplify programming, operation and improve 
reliability. A separate non-scrolling status line (enabled or 
disabled by the processor) is available for displaying sys- 
tem status. 


—_ 
“Ss 
—] 
— 
(x) 
ys 
a7) 
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FIGURE 1. VTLC FUNCTIONAL BLOCK DIAGRAM 


DESCRIPTION OF PIN FUNCTIONS 















| PINNO. | SYMBOL V0 NAME DESCRIPTION 
3-1; 40-33 DA10-0 Display 11 bit address bus to display memory 
Address 
Ground Ground Connection 






XTAL2,1 


a0 
_ 
hae ee 


Crystal 2,1 External Crystal 
An external TTL level clock may be used to drive XTAL1 (in 
which case XTAL2 is left floating). 


This output is a digital TTL waveform used to develop the 
VIDEO and composite VIDEO signals to the monitor. The 
polarity of this signalis: HIGH = BLACK 

LOW = WHITE 


This pin is the intensity level modification attribute bit (synchro- 
nized with the video data output). 


i Write strobe to display memory 
Write 
DD7-0 VO Display 8-bit bidirectional data bus to display memory 
Horizontal Horizontal sync signal to monitor 
Vertical Vertical sync signal to monitor 
NC Composite This output is used to generate an RS170 compatible compos- 
Sync — ite VIDEO signal for output to a composite VIDEO monitor. 
se | Power 5.0 V power connection 


CRT 9028 


Write Strobe Causes data on the microprocessor data bus to be strobed into 
the VTLC 

Read Strobe Causes data from the VTLC to be strobed onto the micropro- 
cessor data bus 


CRT 9128 

Read/Write Determines whether the processor is reading data from or writ- 

Select as ing data into the VTLC (high for read, low for write) 

Data Strobe Causes data to be strobed into or out of the VTLC from the 
microprocessor data bus depending on the state of the R/W 
signal 

Register The state of this input pin will determine whether the data is 

Select being read from, or written to, the address or status register, or 

a data register. 
1/0 Processor 8-bit bi-directional processor data bus 
Data Bus 
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DESCRIPTION OF OPERATION* 


THE VTLC INTERNAL REGISTERS 
CRT 9028 


Addressing of the internal VTLC data registers of the 
CRT 9028 is accomplished through the use of the A/D 
select input qualified by the RD and WR strobes. 


A/D RD WR_ REGISTER OPERATION 
0 1 0 WRITE TO DATA REGISTER 
0 860 1 READ DATA REGISTER 
1 1 0 WRITE TO ADDRESS REGISTER 
1 Oo 61 READ STATUS REGISTER 
CRT 9128 


Addressing of the internal VTLC data registers of the CRT 
9128 is accomplished through use of the A/D and R/W select 
inputs qualified by the DS strobe. 


A/D DS R/W. REGISTER OPERATION 
0 oO O WRITE TO DATA REGISTER 
0 oO 1 READ DATA REGISTER 
1 0 = 606—O WRITE TO ADDRESS REGISTER 
1 oO 1 READ STATUS REGISTER 


The contents of the seven processor programmable reg- 
isters located in the upper left hand side of the Functional 
Block Diagram of figure 1 indicate the memory locations 
from which screen data is to be fetched and displayed as 
well as the selected modes of display operation. These reg- 
isters are addressed indirectly via the Address Register. 


To access one of the seven eight-bit registers, the pro- 
cessor must first load the Address Register with the three- 
bit address of the selected data register. The next read or 
write to a data register will then cause the data register 
pointed to by the Address Register to be accessed. The Line 
A/D controls whether writing is occurring to the Address 
Register or to a data register. When a read operation is per- 
formed, A/D controls access to either the Status Register 
or to the data register selected by the Address Register. 


REGISTER DESCRIPTION 
ADDRESS REGISTER 

Writing a byte to the ADDRESS register will select the 
specified register the next time the processor writes to or 
reads the VTLC data registers. The data register addresses 
are as follows: 






ADDRESS 


1 





DB7 DB6 DBS DB4 DB8 DB2DB1DBO| | | 


o-o-0+-+00 


369 











STATUS REGISTER 

When reading the STATUS register, the DONE bit (DB7 
of STATUS Register) will represent the current status of the 
CHARACTER register. This bit is used to synchronize data 
transfers between the processor and the VTLC. The VTLC 
will set the DONE bit to a logic one after completing a byte 
transfer command or a FILL operation. The DONE bit is set 
to a logic zero by reading from, or writing to, the CHAR- 
ACTER register. The processor must wait until the DONE 
bit is 1 before attempting to change the CURSOR 
ADDRESS, in order to write a character to, or read a char- 
acter from, the CHARACTER register. 


STATUS REGISTER 
DB6 DB5 DB4 DB3 DB2 DBi DBO 
X % X X X XK X 


DB7 
DONE 


DONE = 1 signifies that the VTLC is not currently per- 
forming a display memory access. 

DONE = 0 signifies that the VTLC is currently per- 
forming a display memory access. 


DATA REGISTERS 


FILADD (Fill Address) This register contains the RAM 
address of the character following the last 
address to be filled. Writing to this register will 
enable the VTLC “fill” circuitry. The FILL oper- 
ation will then be triggered by the next processor 
write to the CHARACTER register. The FILL 
operation will write the character in the CHAR- 
ACTER register to every location in display 
memory starting with the address specified in 
the CURLO and CURHI registers through the 
location preceeding the address specified in the 
FILADD register. The cursor position is not 
changed after a FILL operation. Note that the 
address bits DA3-DA0 are internally forced to 0 
forcing the FILADD address to be 00, 16, 32, etc. 
to 1920. The CURLO and CURHI registers will 
not be changed by this operation. Writing to the 
CHARACTER register will cause the VTLC to 
reset DB7 of the STATUS register to “0”. Bit 7 
will be set to 1 after the VTLC has filled the last 
memory location specified. 


FILADD REGISTER 


DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 
X DA10 DAS DA8 DA7 DA6 DAS DA4 





TYPE REGISTER 


_CHIP RESET 
TOSADD 

CURLO 

CURHI 

FILADD 

ATTDAT 
CHARACTER 
MODE REGISTER 











TOSADD (Top of Screen Address) This register contains 


CURLO 


CURHI 


ATTDAT 


the RAM address of the first character displayed 
at the top of the video monitor screen. In addi- 
tion, this register controls selection of either of 
two mask programmable vertical scan rates. 


TOSADD REGISTER 
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 
TIM DA10 DA9 DA8 DA7 DA6 DAS DA4 


Note that address bits DA3-DAO are internally 
forced to 0 forcing the first address at the begin- 
ning of each row to be 00, 16, 32, etc. to 1920. 

The most significant bit of this register (TIM) 
is used to select between the two mask pro- 
grammed sets of vertical retrace parameters 
(scan A and scan B). This allows software 
selection of, for example, 50/60 HZ. 


TIM = Oenable raster scan A 
TIM = 1 enable raster scan B 


(Cursor Low) This register contains the eight 
lower order address bits of the RAM cursor 
address. All FILL screen and character transfer 
operations begin at the memory location pointed 
to by this address. 


CURLO REGISTER 
DB7 DB6 DBS DB4 DB3 DB2 DB1i DBO 
DA7 DA6 DAS DA4 DA3 DA2 DA1 DAO 


(Cursor High) This register contains the three 
higher address bits of the RAM cursor address 
(DA10, DAY, DA8). All FILL screen and char- 
acter transfer operations begin at the memory 
location pointed to by this address. In addition, 
this register contains the Smooth Scroll Offset 
Values SS3-SS0 which determine the number 
of scan lines that the data is shifted on the 
screen. The MSB of this register (SLE-status line 
enable) is the enable for the non-scrolling status 
line. 


CURHI REGISTER 
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 
SLE SS3 SS2 SS1 SSO DA10 DAS DA8 


SLE = 1 enables non-scrolling 25th 
Status line 
SLE = 0 disables and blanks non- 
scrolling status line 


$S3-SS0 Smooth Scroll Offset Value 


(Attribute Data) This register specifies the vis- 
ual attributes of the video data and the cursor 
presentation. The visual attributes specified in 
the ATTDAT register (DB3-DBO) are enabled or 
disabled by a TAG bit that is appended to the 
ASCII character written to the CHARACTER 
register. Every character on the screen with its 
TAG bit set is displayed with the same attribute. 
Changing the Attribute register will change the 
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attribute of every “tagged” character on the 
screen. The functions of the remaining bits in the 
ATTDAT register are not affected by the display 
character's TAG bit. 


There are two display modes, ‘‘alphanumerics” and 
“graphics”. In the alphanumeric mode, visual attributes may 
be selected by the TAG bit. In the graphics mode, a tagged 
character will be a normal alphanumeric character. This 
allows a screen to display a mix of graphic and alphanu- 
meric characters or a mix of graphic and visually attributed 
alphanumeric characters. The display variations of the 
alphanumerics and graphics modes are summarized by the 


following: 


ATTDAT REGISTER 


DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 


DB7 


DB6 


DB5 


DB4 


MODE DB7 = 1 


SELECT 


enables graphics 
mode display (No 
attributes allowed) 
enables alpha 
mode display 


DB7 =0 


CURSOR 
SUPPRESS 


DB6 = 1 __ inhibits VIDEO dis- 
play at cursor time 
by forcing the 
VIDEO output to 
background level 
during cursor dis- 
play time 

enables VIDEO 
display at cursor 
time 

Note: a blinking 
cursor display can 
be achieved by 
toggling this bit 
under processor 
control. 


DB6 = 0 


CURSOR 
DISPLAY 


DB5 =1_— enables underline 
cursor display 
enables block cur- 
sor display 

Note: An underline 
cursor in an under- 
line character 
attribute field will 
be dashed. 


DB5 = 0 


SCREEN DB4=1 _ for white screen 
and black 
characters 

for black screen 
and white 
characters 

Note: this is a 
screen attribute 
(versus character 
attribute) bit and 
sets the default 
Video background 
level. 


DB4 = 0 


DB3 CHARACTER DB3=1 __ toenable-Video register. The VTLC takes that character 
SUPPRESS suppress and stores it in the display memory in the 
DB3 = 0 _ toinhibit Video location specified by the CURLO and 
suppress CURHI registers. In Byte Transfer Read 
bE This bit allows Mode, the processor reads this register 
a character blinking causing the VTLC to fetch the character 
9 and blanking under whose address is specified in the CURLO 
FE processor control and CURHI registers from the display 
a memory and place itin the CHARACTER 
o| DB2~ =INTENSITY DB2=1 allows the INTOUT register. The processor then reads the 
WwW output pin to go character and initiates another fetch from 
S high for the char- memory cycle. In FILL mode, writing a byte 
7) acter time to this register willinitiate a FILL operation. 
a DB2 =0 _ inhibits the All VTLC/memory data transfers take place 
5 INTOUT output pin during horizontal and vertical video retrace 
O from going high blank time. 
TT} 
a DB1 UNDERLINE DB1=1__ willcause the char- CHARACTER REGISTER 
ra ade eve DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO 
underlined re 
DB1=0_ willinhibit the TAG BIT + 7 BIT ASCII CHARACTER 
underline 
CHARACTER SET 
DBO REVERSE DBO=1_ willcausethe Using the DB7-DB0 data bus I/O pins and the MOD SEL 
VIDEO standard fore- bit in the ATTDAT register, the user can address 128 char- 
ground andback- _ acters, a six segment “wide graphics” and a four segment 
ground Video “thin graphics entity”. Included in the 128 mask program- 
levels (selected mable characters can be the 96 standard ASCII characters ae 
with DB4) to be and 32 special characters. — 
reversed for the 2 
character time A. (MODE SEL = 1) GRAPHICS MODE ti 
DBO =0_ willinhibit reverse at 
video This mode allows an intermix of alpha-numeric and 
graphics characters. No attributes are permitted in this 
MODE The AUTO INCREMENT bit in this register mode. If TAG BIT = 1, the character will be an alpha- 


specifies whether or not the display memory 
character address is automatically incre- 
mented by the VTLC after every read/write of 
the CHARACTER register. Note: The visible 
cursor position is not affected. 


MODE REGISTER 


DB7 


AUTO X X= xX 
INC 


DB6 DB5 DB4 DB3 DB2 DB1 DBO 


X XK X xX 


numeric. lf TAG BIT = 0, the character will be a graph- 
ics character. 
CHARACTER REGISTER 
ALPHANUMERIC: TAG BIT = 1 
DB7 DB6 DB5 DB4 DB3 DB2 DBI 
TAG = 1 


DBO 
t— ALPHA-NUMERIC CHARACTER —-4 


DB6-DBO Specify character 





DB7 AUTO DB7 = 1 to enable CHARACTER REGISTER 
INCREMENT automatic character GRAPHICS: TAG BIT = 0 
address 


DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO 


The RAM address is DB7 _—~DB6 DBS DB4 DB3 DB2 DBI DBO 
TAG=0 W/T SEG6 SEGS5 SEG4 SEG3 SEG2 SEG 


incremented after the 
VTLC completes a dis- 
play memory access 


DB6 W/T = 1 specifies a wide graphics 


initiated by a processor character 
to RAM or RAM to W/T = O specifies a thin graphics 
processor character character 
transfer. 
WIDE GRAPHICS ONLY: 
DB7 = 0 to disable DB5-4 SEG6-5 = 1 to turn on graphics 


automatic increment entity segment 
SEG6-5 = 0 to turn off graphics 
CHARACTER This register allows access to the display _ entity segment 


memory for both byte transfers and FILL 
operations. In BYTE Transfer Write Mode, 
the processor first writes a character to this 
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Note that DB5 and DB4 have no meaning in the 
thin graphics entity. 


WIDE AND THIN GRAPHICS: 


DB3-0 SEG4-1 if any bit = 1, corresponding 
graphics entity segment ON 


It any bit = 0, corresponding 
graphics entity segment OFF 
B. (MOD SEL = 0) ALPHA-NUMERICS MODE 
This mode allows display of alpha-numeric characters 
with attributes. If DB7 is set to a logical one, the attri- 
bute(s) specified in the ATTDAT register will be ena- 


bled for that character. if TAG BIT is cleared, attributes 
will not be enabled for that character. 


CHARACTER REGISTER 


DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 
TAG t— ALPHA-NUMERIC CHARACTER — 


DB7 = 1 to enable attribute(s) for character. 
DB7 = Otodisable attribute(s) for character. 


DB6-DBO Specify character 


SEGMENT 
6 


SEGMENT 
5 







SEGMENT 
3 










SEGMENT 
2 


SEGMENT 
1 


WIDE GRAPHICS ENTITY 


NOTE: scan line and column of segment 
locations are mask programmable. 


SEGMENT 


if 


SEGMENT 3 


SEGMENT 4 


SEGMENT 2 


SEGMENT 1 





THIN GRAPHICS ENTITY 


NOTE: scan line and column of segment 
locations are mask programmable. 


DESCRIPTION OF SYSTEM OPERATION 


The VTLC circuitry provides two control functions. One 
function interprets and controls data from the system pro- 
cessor interface through the data bus DB7-DBO as shown 
in the Processor Timing of figure 3. The other function gen- 
erates and refreshes the video image on the screen through 


the DD7-DDO data bus as shown in the Display Memory 
Timing of figure 2. Because the system data bus is isolated 
from the display data bus, the VTLC maintains complete 
control over access to display memory. All data flow between 
display RAM and the processor or the VTLC takes place 
through the VTLC. Refer to the VTLC Display Memory 
Access Timing of figure 7. 


DISPLAY MEMORY ACCESS 


Processor/display memory access is accomplished 
through the CHARACTER register of the VTLC. All proces- 
sor transfers to or from the CHARACTER register take place 
only when the DONE bit is high. The DONE bit is used to 
synchronize data transfers between the VTLC and the pro- 
cessor as shown in the Typical Processor To Display Mem- 
mory Transfer of figure 6. When the processor needs to store 
a byte of data in the display memory, it will write the byte to 
the CHARACTER register of the VTLC. The VTLC will 
immediately reset the DONE bit indicating that the transfer 
hardware is busy. At the next blanked Video time, the VTLC 
will store the byte in the display memory, increment the 
character address, (if auto increment is enabled) and set 
the DONE bit. When the processor needs to read a byte of 
data from the display memory, it will read the CHARACTER 
register. The VTLC will fetch the desired byte from the dis- 
play memory during the next blanked VIDEO time, incre- 
ment the character address (if enabled), and set the DONE 
bit. When the processor detects that the DONE bit is set, it 
will read the CHARACTER register to get the data byte from 
the VTLC. This read will reset the DONE bit and cause the 
VTLC to fetch the next byte of data from the memory. 


If auto increment is not enabled, the processor must set 
the cursor address in the CURLO and CURHI register to the 
address of the memory location being read from, or written 
into, before every access to the CHARACTER register. 


It should be noted that Auto Increment does not affect the 
visible cursor location. If auto-increment is enabled, the 
current character location will equal the cursor position only 
for the first character transfered following an update of the 
CURLO and CURHI registers. Note that the DONE bit must 
be high before attempting to update the cursor registers 
because the loading of the cursor registers will reset the 
character position counters to the cursor position. 


SMOOTH SCROLL 


The VTLC may be programmed to do either “jump” or 
“smooth” scrolling. Jump scrolling moves the data up or 
down the monitor screen one data row at a time. Smooth 
scrolling moves the data up the monitor screen one scan 
line at a time. The number of scan lines and the rate they 
move up the screen is under processor control. 


Smooth scroll is controlled through manipulation of the 
SS3-SS0 bits of the CURHI register. These bits represent 
the binary address of the first scan line of the first data row 
displayed on the monitor screen (the data row whose 
beginning address is in the TOSADD register). When the 
value represented by these bits is incremented, the video 
data on the monitor screen moves up by the same number 
of scan lines. After the address of the last scan line of the 
data row is loaded into the CURHI register and the VIDEO 
data has moved up the last scan line of the data row, the 
processor resets the SS3-SS0 address to point to scan line 
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0 and does a jump scroll. Jump scroll is accomplished by 
incrementing the RAM address in the TOSADD register by 
a data row length (so that it points to the address of the first 
character of the new top data row on the monitor). 


When programmed for a data row of 80 characters/data 
row display (1920 data words), for example, the display RAM 
contains 25 actual rows of data (2000 RAM locations). If the 
smooth scroll offset equals zero, the VTLC will display the 
1919 RAM locations following the top of screen address 
when displaying data. The first data row is partially scrolled 
off the screen and the 25th data row is scrolled onto the 
screen when the smooth scroll offset is incremented. The 
VTLC will now display the 1999 RAM locations following the 
top of screen address (wrapping to 0 after address 1999). 
After the VTLC does a jump scroll, the processor will pro- 
gram it to erase the line just scrolled off the screen (prepar- 
ing it to be scrolled onto the screen). This line now becomes 
the non-displayed 25th data row. 


NON-SCROLLING STATUS LINE 


The non-scrolling status line is only functional on a VTLC 
that has been programmed for 25 data rows. This data row 
will remain stationary at the bottom of the screen and will 
not move up the screen when the remainder of the display 
data is scrolled. Otherwise, VIDEO data on the status line 
may be manipulated as though it were normal display data. 
The smooth scroll offset will not function properly when the 
status line is enabled. The memory address of the charac- 
ters on the status line are always characters 1920H—1999H. 


CHIP RESET 


The CRT 9028 and CRT 9128 Chip Reset requires two 
steps. The system processor first writes the reset address 
to the address register of the VTLC. The system processor 
then writes a dummy character to the VTLC Data register. 
Writing to the Data register resets the chip. See the DONE 
timing in figure 6. 


ROM CHARACTER BLOCK FORMAT 


COLUMNDOT -> C7 C6 C5 
SCANLINEO —-> 
SCANLINE1  —-> 
SCANLINE2 -> 
SCANLINE3 -> 
SCANLINE4 -> 
SCANLINE5 -> 
- SCANLINE6 = -> 
SCANLINE7  -> 
SCANLINE8 —-> 
SCANLINEQ -> 
SCANLINE10 -> 


SCANLINE 11 —-> 





C4 C3 C2 C1: . =O 


MASK PROGRAMMABLE 
CHARACTER BLOCK 
(FONT) 
5X8 


Mask programmable options—The ROM character block format above shows the 5X8 mask programmable character font 
within the character cell as defined by dots C7 through CO and scan lines O through 11. 
Dots/Character: 6 dots/character cell => C7 - C2 displayed 
7 dots/character cell = > C7 - C1 displayed 
8 dots/character cell = > C7 - CO displayed 


Column dots CO and C1 will be the same as column dot C7 when more than 6 dots/character cell are specified 


when generating alpha-numerics. 


NOTE: The maximum dot clock crystal frequency is dependent on the dots/character programmed: 


DOTS/CHARACTER| MAX XTAL FREQ 


6 dots 


7 dots 
8 dots 


10.5 MHz max 
12.25 MHz max 
14.0 MHz max 





Scan Lines per Character: 


8 scan lines/character = > SLO - SL7 displayed 


9 scan lines/character = > SLO - SL8 displayed 
10 scan lines/character = > SLO - SL9 displayed 
11 scan lines/character = > SLO - SL10 displayed 
12 scan lines/character = > SLO -SL11 displayed 


Thin and Wide Graphics: Dots mask programmed for vertical column C2 will be the same as backfill Columns 0 and 1 
when generating wide and thin graphics. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ..........ccccs cece ce eet teen ence cee eeeenee eens ee eeeenenees sqiceasitewa’: 0°C to + 70°C 
Storage Temperature Range «..0..00sccssccecacec cess dees as ve cneve cau nedaues ce sseebsa deus pene eee eses — 55°C to + 150°C 
Lead Temperature (Soldering, 10 S@C.) ....... cic cece ccc eee eee e ee etree t seen nent ee eeteeneeeenenees + 325°C 

Positive Voltage on any Pin, with respect to Ground ...........ccceeeeee eee eect ens eeceseeeeeneeenaes +8.0V 

Negative Voltage on any Pin, with respect to ground ........... ccc eecccecee teeter eee eet neeeeeeeeenee —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maxi- 
mum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” 
on their outputs when the AC power is switched on and off. In addition, voltage transients on the AC power line may 
appear on the DC output. If this possibility exists, it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (TA=0°C to 70°C, V..= +5V +5%, unless otherwise noted. 







PARAMETER ) | MIN | TYP | MAX | UNIT_| COMMENTS 
DC CHARACTERISTICS Pp 
INPUT VOLTAGE LEVELS REL} 
Low-level, Vil 0.8 VL_ Some parg7 This is nota 
High-Level, Vih 2.2 V etic mite ol auton, 
Chan, 
OUTPUT VOLTAGE LEVELS : 
Low-level, Vol 0.4 V lol=1.6ma 
High-level, Voh 2.4 0.4 V loh= —20pa 
INPUT LEAKAGE CURRENT 
High-level, Ilh 10 pa | Allinputs; Vin=Vcc 
Low-level, Ill “ 10 wa | Allinputs 


except WR, RD 

DS, R/W; Vin=0.4V 
Low-level, III 200 | pa | WR,RDor 

DS, R/W; Vin=0.4V 


INPUT CAPACITANCE 
Allinputs, Cin 15 pF 
I/CAPACITANCE 
CVO 15 pF | Except DB7-0 
CIO 100 pF DB7-0 
POWER SUPPLY CURRENT 
Icc 125 mA 
AC CHARACTERISTICS 
CLOCK FREQUENCY, fin 0.10 14 MHz | See note 
DISPLAY MEMORY TIMING 
Address Set-up Time 
lis 20 ns 
Write Command Hold 
twon 80 x ns 
Data Valid to End of Write 
low 80 ns 
Data Hold Time . 
ton 10° 25 ns 
Write Recovery Time 
twr 25 ns 
Output Hold From Address Change 
tor 15 ns 
Address Access Time 
tig ; 250 ns 
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PARAMETER 


PROCESSOR TIMING 
Write Set-up Time 





tws ns 
Write Strobe 

Twr ns 
Write Hold Time 

twat ns 
Read set-up Time 

tast ns 
Read Data Valid 

Trov 0 ns 
Read Pulse Width 

trew 250 ns 


NOTE: MAXIMUM DOT CLOCK XTAL FREQUENCY IS DEPENDENT ON DOTS/CHARACTER PROGRAMMED: 


ARAGH WiNaeeaeRee i 
Crystal specification: 
CHARACTER _ |MAX XTAL FREQ Genes Resonant 


6 dots 10.5 MHz max 50 ohms max series resistance 


7 dots 12.25 MHz max 1.5 pf typ parallel capacitance 
8 dots 14.0 MHz max 





ADDRESS } ADDRESS i ADDRESS 
tes be i : 


VYVY Y ‘a YVYVVV/V 
wrens XKCD 00 EVN) BESS 
VTLC OUTPUT VTLC INPUT 
TO RAM FROM RAM 


NOTE: DISPLAY ADDRESS BUS DA10-DA0 MUST NOT CHANGE WHILE DWR IS LOW 


FIGURE 2. DISPLAY MEMORY TIMING 


XXX X XXXX 


PROCESSOR WRITES PROCESSOR PROCESSOR 
TO VTLC READS VTLC READS VTLC 


FIGURE 3. PROCESSOR TIMING 
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SECTION V | 





VERTICAL TIMING VERTICAL 
SYNC 
\ DURATION 1 


| <—_————_>} 
vS’“NC —~>1 ~~ | 
DELAY \ | | 


vsync oS \_________j/ _/ 
| | 
V BLANKING / a) a 
NUMBER OF BLANKED >} t 


SCAN LINES }«——— NUMBER OF ——>4 
DISPLAYED 
DATA ROWS 


HORIZONTAL TIMING HORIZONTAL 
SYNC 
DURATION 


HSYNC I 
DELAY | 


HSYNC oa a / \—__|_____jf___y 
| I 
H BLANKING / \ AL / 
}e#———- NUMBEROF ——>} I 


BLANKED ké— NUMBEROF —>j 
CHARACTERS DISPLAYED 
CHARACTERS 


NOTE: Video parameters above are mask programmable 


FIGURE 4. VERTICAL AND HORIZONTAL SYNC TIMING 


Ht! ——>}<——~ 


be—H:2—> { 


NOTE: Delays between pulse edges and pulse width values may vary due to mask programmable features. 
*H represents horizontal interval 


HSYNC Jf LE HSYNC eee, (ie 


—— —|d~.— —| d k#— 
CSYNC 
LJ CSYNC | | 
d - HSYN Delay -CSYN Delay ; 


VERTICAL BLANKING VERTICAL DISPLAY 


FIGURE 5. VIDEO SIGNAL TIMING 


voces RAKKKKKKK ——tsevcrmmmcren XX RAXKXXAMAAKKA 
BUS 
uh PROCESSOR WRITES CHARACTER 
VTLC CHARACTER REGISTER 


(CAUSES DONE BIT RESET) 


“DONE 
(DB7 OF STATUS 
REGISTER) 
DISPLAY DISPLAY DISPLAY 
| ‘ poe CHARACTER CHARACTER CHARACTER ASCII CHARACTER 
DISPLA 


BUS 


| OWR VTLC WRITES 


CHARACTER REGISTER 
“DONE = 1 SIGNIFIES THAT VTLC IS NOT CURRENTLY PERFORMING A DISPLAY MEMORY ACCESS TO DISPLAY MEMORY 


DONE = 0 SIGNIFIES THAT VTLC IS CURRENTLY PERFORMING A DISPLAY MEMORY ACCESS 


FIGURE 6. TYPICAL PROCESSOR TO DISPLAY MEMORY TRANSFER 
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TYPICAL DISPLAY TIMING 
BLANKING hese BLANKING CTSISPLAY 


CHARACTER N 


DISPLAY MEMORY READ 


READ AND WRITE DISPLAY MEMORY TIMING 


CHARACTER CHARACTER 
DISPLAY DISPLAY 


EARSESROR MSREADS TOROM 

VTLC WRITES/READS HIGH FOR READ —_ eee hh 
DONE TO/FROM DISPLAY MEMORY LOW FOR WRITE ] ! 
(DB7 OF STATUS 


hf CHARACTER 
REGISTER) JARACTER 





DD7-0 


FILL DISPLAY MEMORY COMMAND 


CHARACTER 
DISPLAY 


SCAN ROW SCAN ROW 
START +N-1 START +N 


(LAST LOCATION 
FILLED) 


WRITE TO 
LAST LOCATION 


DONE 
(DB7 OF STATUS 
REGISTER) 


DD?7-0 


NOTE: “N CHARACTERS/DATA ROW 
**CURSOR INCREMENTED AFTER EACH WRITE 


FIGURE 7. VTLC DISPLAY MEMORY ACCESS TIMING 
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APPENDIX-—STANDARD PARTS-—CRT 9028-000/CRT 9128-000 


|. ROM CHARACTER BLOCK FORMAT 





COLUMN DOT -> C7 C6 C5 C4 C3 C2 C1 
SCANLINEOQ -—> 0 0 0 0 0 0 0 
SCANLINE1  —> 0 0 
SCANLINE2 -—> 0 0 
SCANLINE3 —> 0 CHARACTER BLOCK 0 
5 X8CELL 
SCAN LINE4 —> 0 0 
SCAN LINES —>. 0 0 
SCANLINE6 —> 0 0 
SCANLINE7 —> 0 
SCAN LINES -—> 0 0 
SCANLINE9 -—> 0 0 
ll. DOTS PER CHARACTER: 7 
lil. HORIZONTAL TIMING (IN CHARACTER TIMES) 
CHARACTERS PER DATA ROW: 80 
HORIZONTAL BLANKING: 20 
HORIZONTAL SYNC DELAY: 4 
HORIZONTAL SYNC. PULSE WIDTH: 8 


HORIZONTAL SYNC POLARITY: NEGATIVE ACTIVE 


[/-—Horiz BLANKING —> 
ACTIVE VIDEO ACTIVE VIDEO 





HORIZ SYNC DELAY ——— she — HORIZ SYNC 


PULSE WIDTH 
IV. VERTICAL TIMING 
CHARACTER ROWS: 24 
SCAN LINES PER CHARACTER: x 10 
TOTAL VISIBLE SCAN LINES: 240 


VERTICAL SYNC POLARITY: NEGATIVE ACTIVE 
V. VERTICAL SYNC TIMING (IN SCAN LINES): 





60 Hz VERTICAL BLANKING: 20 
60 Hz VERTICAL SYNC DELAY: 4 
60 Hz VERTICAL SYNC PULSE WIDTH: 8 
ALTERNATE (50 Hz) VERTICAL BLANKING: 72 
ALTERNATE (50 Hz) VERTICAL SYNC DELAY: 30 
ALTERNATE (50 Hz) VERTICAL SYNC PULSE WIDTH: 10 
kK VERTICAL BLANKING Fy 

ACTIVE VIDEO ACTIVE VIDEO 
VIDEO 
vsync _.  —™—C—C FS t—<“i<iCi‘;i;! CL 

VSYNC DELAY —— }—*}— VERT SYNC —>4 

PULSE WIDTH 
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Vi. COMPOSITE SYNC OUTPUT (IN CHARACTER TIMES) 
COMPOSITE SYNC DELAY: 





COMPOSITE SYNC PULSE WIDTH: 8 
ACTIVE VIDEO ACTIVE VIDEO 
VIDEO 
CSYN 
CSYN DELAY — k«——>}«—_———»]—  CSYN PULSE WIDTH 
Vil. UNDERLINE ATTRIBUTE AND CURSOR LINE: SCAN LINE 9 


Vill. WIDE GRAPHICS FIGURE DEFINITION: 


C7 C6 C5 C4 C3 C2 C1 
SEGMENT 6 SEGMENT 3 
SEGMENT 5 SEGMENT 2 


SEGMENT 4 SEGMENT 1 


IX. THIN GRAPHICS FIGURE DEFINITION: 


COLUMN -> 
SCAN LINEQ -> 






SCAN LINE 1 -> 
SCAN LINE 2 -—> 
SCAN LINE3 -> 
SCAN LINE 4 -> 
SCAN LINE 6 -> 


> 
=z 
—ae 
m 
(ao 
1d, 
nm. 





SCAN LINE7 —> 






SCAN LINE 8 -> 
SCAN LINE9 -> 





COLUMN DOT —> C7 C6 C5 C4 C3 C2 Ci 






SCAN LINEO ~—> 
SCAN LINE 1 —-> 
SCAN LINE2 -> 
SCAN LINE3 —> 


oOo AZMZOmMwnD 


SCAN LINE 4 -—> 
SCANLINES5 -> 


SEGMENT 4 || SEGMENT 2 
S 





SCAN LINE6 —> 





SCAN LINE 7 -> 

SCAN LINE 8 -> 

SCANLINE9 —> 
SEGMENT 4 = SCAN LINE 5; C7, C6, C5, C4 
SEGMENT 3 = C4; SCAN LINES 0, 1, 2, 3, 4,5 


SEGMENT 2 = SCAN LINE 5; C4, C3, C2, C1 
SEGMENT 1 = C4; SCAN LINES 5, 6, 7, 8, 9 


379 


ose 


KEYBOARD 
CONN 


30 pf [7] 30pf 


XTAL1 XTAL2 


INTO 


Po7-Poo 


8051 
OR 
EQUIVALENT 


PRINTER 1488 
CONN 


1488 


TXD @ 
ral 


5.6K 


OPTIONAL 
SERIAL 


XTAL1 XTAL2 


VSYNC 


DB7-DB& 


CRT 9028 


DA12-DAZ 


DD7-DD& 


CRT 9028 
TYPICAL APPLICATION 


LS24g9 


0 


VERTICAL SYNC 
HORIZONTAL SYNC 
TO MONITOR 
682 VIDEO 


DISPLAY MEMORY 


A18-AQ 


2K X8 
STATIC RAM 


D7-D& 





L8e 


KEYBOARD 
CONN 


OPTIONAL 
SERIAL 


EEROM 
XTAL1 XTAL2 XTAL 1 XTAL2 


BIT VERTICAL SYNC 


PROG 
HORIZONTAL SYNC 
PORT TO MONITOR 


682. VIDEO 


PORT 
AD7-ADg 


Z8 nC 


OR 
EQUIVALENT 
; CRT 9128 


DA19-DA 


2K X8 
STATIC RAM 


D7-Dg 


CRT 9128 
TYPICAL APPLICATION 
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y given. The 


, NO responsibility is 
ght to make changes 


SMC or others. SMC reserves the ri 


such information does not convey to the purchaser of the semiconductor 
best product possible. 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 


tions; consequently complete information sufficient for construction purposes is not necessaril 


information has been carefully checked and is believed to be entirely reliable. However 


devices described any license under the patent rights of 
at any time in order to improve design and supply the 


assumed for inaccuracies. Furthermore. 
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STANDARD MICROSYSTEMS 
——_— 


CRT 9041A* 
CRT 9041B 
CRT 9041C 


PRELIMINARY 


CRT Video Attributes Coniroller 
VAC 


FEATURES 
C On chip 12 bit shift register 
3 speed versions: 
CRT 9041A -33MHz* 
CRT 9041B -30MHz 
CRT 9041C -28.5MHz 
LJ On chip attributes logic 
Reverse video 
Character blank 
Character blink to biank 
Character blink between any two of 
four video intensity levels 
Two independent underline attributes 
Four video intensity levels 
Two general purpose attributes 
_] Wide graphics mode 
(] Thin graphics mode 
C Reverse screen input 
C] On chip logic for double height/double width data rows 
(] Accepts scan line information in parallel or serial format 
L] Supports multiple cursors 
(J Four cursor modes dynamically selectable 
via 2 input pins 
Underline 
Blinking underline 
Reverse video block 
Blinking reverse video block 
L] Mask programmable cursor blink rate and duty cycle 





PIN CONFIGURATION 


Vec 
GP20 
GP10 
HINTO 
BOLDO 
ATTEN 
CHABL 
UL2/GP21 
XCURS/GP11 
HINTI 
BOLDI 
BLINK 
RS 
REVID 
MS1 

MS 
VSYNC 
SLO/SLD 


ONOOhWND + 


SL1/SLG 
SL2/BLC 


SL3/BKC 
GND 





LJ Mask programmable character blink rate and duty cycle 
CJ On chip data and attribute latches 

LJ Externally multiplexible for higher video rates 

C] Dot stretch on a character basis 

C) + 5 volt operation 

} TTL compatible 

(] MOS n-channel silicon gate COPLAMOS® process 
(] Compatible with the CRT 5037 and CRT 9007 


GENERAL DESCRIPTION 


The SMC CRT 9041 Video Attributes Controller (VAC) is 
an n-channel COPLAMOS® MOS/LSI device containing 
graphics logic, attributes logic, data and attribute latches, 
cursor control, and a high speed video shift register. The 
CRT 9041, a character generator ROM, and a CRT con- 
troller such as the CRT 9007 provide all of the major circui- 
try for the display portion of a CRT video terminal. 

The CRT 9041 serial video output may be connected 
directly to a CRT monitor's video input. The CRT 9041 is 
available in three speed versions: 28.5 MHZ (9041C), 30 
MHZ (9041B) and 33 MHZ (9041A). 

The CRT 9041 attributes include: reverse video, 2 under- 
lines, character blank, and character blink. Character blink 
may be to background, or between any 2 of 4 possible video 
intensity levels. Two output pins define 4 video levels: half, 
three quarters, full, and bold. When used in conjunction with 
the CRT 9007 VPAC™, the CRT.9041 will provide double 
height or double width data row display. 

Two cursor input pins allow simultaneous display of two 
cursors. Each of these cursors can be displayed in one of 
4 display formats: underline, blinking underline, reverse 
video character block, and blinking reverse video character 


*For Future Release 
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block. When used in the serial scan line input mode, each 
cursor may be displayed in any of the 4 cursor display modes 
as selected via the two input pins. When used in the parallel 
scan line input mode, each cursor display mode is mask 
programmable and fixed at the time of manufacture. 

The cursor format or the parallel scan line information can 
be changed on a character by character basis to allow dif- 
ferent cursor formats on separate areas of the screen or for 
superscripted or subscripted characters. 

Two graphics modes are provided. In the wide graphics 
mode, the CRT 9041 produces a graphic entity the size of 
the character block. The graphic entity contains eight parts, 
each of which is associated with one bit of the input byte 
thereby providing 256 unique graphic symbols. The thin 
graphics mode enables the user to create thin line drawings 
and forms. In both graphics modes, continuous horizontal 
and vertical lines may be drawn. Additional flexibility is pro- 
vided through the mask programming of the placement and 
dimensions of the blocks or lines within a character block. 
In the thin graphics mode, mask programming allows ser- 
rated horizontal or vertical lines. 





O1,,-Dl, 


eee ro ih Se 
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je eee | ane mm = line shift 
register 


graphics 
Single: double logic 
height width 
Scan- 
line 
mode 
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UL2 GPal 


FIGURE 1: CRT 9041 BLOCK DIAGRAM 


DESCRIPTION OF PIN FUNCTIONS 
FUNCTION 


1 Cursor CURS When this input is high and RETBL is low, the programmed cursor format 
will be displayed. When this input is high, and RETBL is high, the CRT 
9041 enters the double width mode. See section entitled ‘Cursor 
Formats” for details. 

2 


Retrace When this input is high, the parallel inputs to the video shift register are 
Blank unconditionally cleared to all zeros and loaded on the next LD/SH pulse. 
This forces the Video output to a low voltage level, independent of all 
attributes for blanking the CRT during horizontal and vertical retrace time. 


Load/Shift The 12 bit video shift register parallel-in load or serial-out shift operation 

is established by the state of this input. When high, this input enables 
the shift register for serial shifting with each video dot clock pulse (VDC 
input). When low, the video shift register is parallel loaded on the next 
video dot clock pulse and all data and attributes are moved to the next 
-position in the internal pipeline. In addition, input data and attributes are 
latched on the positive transition of LD/SH. If the period of this signal is 
greater than 12 dots, video information will be supplied in the form of 
backfill dots as specified in the mask programmed options. 











Video Dot This input clock controls the rate at which video data is shifted out on 
Clock the VIDEO output. 


The Video output provides the serial dot stream to the CRT. Video data 
is shifted out on the rising edge of the video dot clock VDC. The timing 
of the LD/SH input will determine the number of backfill dots. 


Dot This input determines if all dots in the video stream will be stretched by 
Stretch one dot. In normal video, all 1’s are stretched and in reverse video all 0's 
are stretched. This input enters the CRT 9041 along with D11-D0 with 
one LD/SH delay. Updating can. occur each LD/SH to allow selected dot 
stretching on a character by character basis. A high voltage will cause 
the dot stretch and a low voltage will inhibit the dot stretch mechanism. 
See section entitled “Dot Stretch” for details. 


In the character mode, the data on these inputs are passed through the 
attributes logic into the 12 bit high speed video shift register. The binary 
information on D11 will be the first bit output after the LD/SH input goes 
low. In the thin or wide graphics mode only the D11 through D4 inputs 
will individually control the on/off condition of the particular portion of the 
character block or line drawing. Tables 5 and 6 illustrate the wide and 
thin graphics modes respectively and their relationships to D11-D4. 
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Scan line 0/ SLO/SLD 




























character basis. This input has two separate functions depending on the 
way scan line information is presented to the CRT 9041. In the Parallel 
Scan Line Mode, this input is the most significant bit of the binary scan 
line row address. In the Serial Scan Line Mode, this input controls the 
a character basis to allow the cursor format to enter the CRT 9041 as an 
attribute or to allow the parallel scan line information to change on a 
character basis. This input has two separate functions depending on the 
way scan line information is presented to the CRT 9041. 

Scan Line Gate information is presented to the CRT 9041. In the Parallel Scan Line Mode 
this input is the next to the least significant bit of the binary scan line row 
address. In this mode the information presented is delayed 2 LD/SH 
cycles before entering the Attributes and Grarhics Logic to allow the scan 

Scan Line data 
Scan Line Mode this input is the least significant bit of the binary scan 
line row address. The information presented in this mode is delayed 2 
LD/SH cycles before entering the Attributes and Graphics Logic to allow 
the scan line information to be changed on acharacter basis. In the Serial 
multiple of the character blink which is selectable as a mask program 
option (see Table 10.) In addition, the internal attributes are reset when 
this input is low. The VSYNC input is also used to determine the scan 
line mode (parallel or serial) used. See the section “Scan Line Input 


cursor’s physical dimensions. If high, the cursor will appear as a reverse 
line information to be changed on a character basis. In the Serial Scan 
Scan Mode this input will present the scan line information in serial form 
24 Vertical 
' | Syne 
Modes”. 


| PIN NO. | NAME SYMBOL FUNCTION 
video block (the entire character cell will be displayed in reverse video). 
If low, the cursor will appear as an underline on the scan line(s) 
Line Mode this input will be low for 5 or 6 LD/SH pulses to allow the scan 
line information to be serially shifted into the serial scan line shift register. 
(least significant bit first) to the CRT 9041 and permits the proper scan 
line information to enter the serial scan line shift register during the LD/ 
25 Mode Select 0 These 2 inputs define the four modes of operation of the CRT 9041 as 
26 Mode Select 1 follows: 
Wide graphics mode 
Thin graphics mode 
Character mode without underline one 
Character mode with underline one 
See section entitled Display Modes for details. 
27 Reverse Video When this input and Retrace Blank (RETBL) are both low, data from the 
Attributes and Graphics Logic is presented directly to the video shift reg- 








19 Scan line 3/ SL3/BKC Information on this input is delayed 2 LD/SH cycles before entering the 
Block Cursor Attribute and Graphics Logic. As a result, this input can be changed on 
programmed. 

GND 
If this signal is low for 7 or more LD/SH pulses, the CRT 9041 will assume 
the parallel input scan line row address mode. 

SH pulses framed by SLG. 
This input is typically connected to the vertical sync output of the CRT 
ister. When this input is high and RETBL is low, the Attribute and Graphics 

Logic will invert the data before presenting it to the video shift register. 


a character basis to allow the cursor format to enter the CRT 9041 as an 
Scan line 2/ SL2/BLC Information on this input is delayed 2 LD/SH cycles before entering the 
Blink Cursor 
This input has two separate functions depending on the way scan line 
controller and is used as the clock input for the on-chip mask program- 
28 Reverse Screen This input defines the base background level of the screen. A low on this 
input will cause normal (non-reverse) video to appear white with a black 








attribute or to allow the parallel scan line information to change on a 
Attributes and Graphics Logic. As a result, this input can be changed on 
Scan Line 1/ SL1/SLG This input has two separate functions depending on the way scan line 
information is presented to the CRT 9041. Refer to Table 4. In the Parallel 
mable blink rate dividers. The cursor blink rate can be a multiple or sub- 
background. A high on this input will cause normal (non-reverse) video to 








appear black with a white background. 
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| PINNO. | NAME SYMBOL FUNCTION | 


32 


38 


40 


Blink BLINK When this input is high and both the RETBL and CHABL inputs are low, 
the character will blink at the programmed character blink rate. This input 
allows a character to blink between 2 of 4 levels of video or to the back- 
ground level according to one of the 3 mask programmable blink tables 
(Tables 1, 2 and 3). The duty cycle for the character blink is mask pro- 
grammable at either 75/25 (off/on) or 50/50. 

30 Bold in BOLDI The BOLD! input along with the BOLDO output provides a user with a Bold 
(high intensity) attribute on a character by character basis. Data input on 
BOLDI will appear at BOLDO with the same delay as that from any other 
attribute input to the serial video output (VIDEO). By using an external mix- 
ing circuit, itis possible to raise the voltage level! of the video output to pro- 
duce the bold attribute. 
Half intensity in 





Extra Cursor/ 
General Purpose 
Attribute 1 In 












Underline 2 
General Purpose 
Attribute 2 In 


Character 
Blank 


Attribute 
Enable 


Bold out 
Out 


Half Intensity 
Out 


General Purpose 
Attribute 1 out 


General Purpose 
Attribute 2 out 














The HINTI input along with the HINTO output provides a user with a half 
intensity attribute on a character by character basis. Data input on HINTI 
will appear at HINTO with the same delay as that from any other attribute 
input to the serial video output (VIDEO). By using an external mixing cir- 
cuit, it is possible to lower the voltage level of the video output to produce 


HINTI 
the half intensity attribute. 


XCURS/ This input has a dual function. It can produce a second cursor with either 
GP1I a dynamically selectable format or a masked programmed format. If no 
scan line(s) are programmed for the XCURS format (or if the programmed 
scan lines are beyond the range of the actual scan lines), this input will 
simply be pipelined through the CRT 9041 to produce a user controlled 








general purpose attribute. Data appearing on this input is pipelined to the 
GP10 with the same delay as that from any other attribute input and can 
affect the video as desired. Whether XCURS is used or not, data appear- 
ing on this input will be pipelined to the GP10 output. 


This input has a dual function. It can produce a second underline (UL2) at 
the masked programmed scan line(s). If no scan line(s) are programmed 
for underline 2, this input will simply be pipelined through the CRT 9041 to 
produce a user controlled general purpose attribute. Data appearing on 
this input is pipelined to the GP2O with the same delay as that from any 
other attribute input and can affect the video as desired. Whether UL2 is 
used or not, data appearing on this input will be pipelined to the GP2O0 
- Output. Note that underline 1 is selected via the MSO and MS1 inputs. 


When this input is high, the parallel inputs to the video shift register are all 
set low (or high depending on the state of REVID and RS) thus providing 
aconstant video level for the entire length of the character block. Only the 
cursor is visible in a character blank field. 


When this inputis high, the internal attribute latch is updated at the positive 
going edge of the LD/SH input with data ppearing on the REVID, CHABL, 
MS1, MSO, BLINK, BOLDI, HINTI, UL2/GP2I, DST RS, and XCURS/GP11 
inputs. By selectively bringing this input high, the user will update the 
attribute only at specific character times; all subsequent characters will 
carry with them the attributes last updated thus allowing “field” or “embed- 
ded” attributes. When using a wide video memory where attribute bits are 
attached to every character, the internal attribute latch may be updated at 
each character by tying this input high (thus allowing “invisible” attri- 
butes). All attributes are reset by the VSYNC input. 


This output is used in conjunction with the BOLDO input to provide a three 
character pipeline delay when creating a high intensity effect on the video 
bit stream. In addition, this output is activated independent of the BOLDI 
signal during certain character and cursor blink operations according to 
Tables 1, 2 and 3. 


This output is used in conjunction with the HINTI input to provide a three 
character pipeline delay when creating a half intensity effect on the video 
bit stream. In addition, this output is activated independent of the HINTI 
signal during certain character and cursor blink operations according to 
Tables 1, 2 and 3. 






















HINTO 


GP10 













This output is used in conjunction with the XCURS/GP1I input and pro- 
vides a three character pipeline delay to allow for general purpose attri- 
butes to be implemented. 

GP20 This output is used in conjunction with the UL2/GP2l input and provides a 


three character pipeline delay to allow for general purpose attributes to be 
implemented. 


Supply Voltage + 5 volt power supply. 
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ATTRIBUTES FUNCTIONS 


— The REVID input causes inverted data to be 
loaded into the video shift register. 


The CHABL input forces the video to go to 
the current background level as defined by 
Reverse Video and Reverse screen. This 
attribute blanks all video with the exception 
of both cursor displays. 


MS1, MSO = 1,1 or UL2 = 1: either condi- 
tion forces the video to the inverse of the 
background level (all 1’s or-all 0’s) for all scan 
line(s) programmed for underline. The two 
underlines are independent. 


The HINTI input and the HINTO output allow 
a half intensity attribute to be carried through 
the pipeline of the CRT 9041. An external 
mixer can be used to combine VIDEO and 
HINTO to create a decreased white level in 
the video. 


The RETBL input causes the VIDEO to go 
to the zero (black) level regardless of the 
state of all other inputs. 


The BOLDI input and the BOLDO output 
allow a bold (high intensity) attribute to be 
carried through the pipeline of the CRT 
9041. An external mixer can be used to 
combine VIDEO and BOLDO to create an 
increased white level in the video. 


The BLINK input will cause characters to 
blink in a number of mask programmable 
ways. Referring to Tables 1, 2 or 3, video can 
be made to blink between 2 or 4 possible 
video levels with either a 50/50 on/off or a 
75/25 on/off duty cycle. The tables also 
illustrate that the blink levels can be pro- 
grammed to be a function of the reverse 
video input attribute. A blinking cursor over- 
rides the character blink for the scan lines 
programmed for cursor. The CRT 9041 can 
implement character blinking in several dif- 
ferent mask programmable visual formats 
as shown in the Tables. The blink function 
illustrated in Table 2 implements CRT 9021 
compatibility blinking. 


Reverse 
Video 


Character — 
Blank 


Underline — 


Half - 
Intensity 


Retrace - 
Blank 


Bold - 


Blink - 


The CRT 9041 may be mask programmed for one of three 
combinations of blinking operation. These are illustrated 
respectively in Tables 1, 2, and 3. Since 4 levels of video 
are possible, Tables 2 and 3 define the video blinking 
between 2 video levels and Table 2 defines the video blink- 
ing to the background level making this table compatible 
with the CRT 9021. 


The Non-blink Option Table 1A shows the state of the 
video DATA (DATA = noninverted video, DATA = inverted 
video) and the value of the output attributes (BOLDO, 
HINTO) that can be applied to the video DATA as a function 
of the four input attributes. The BLINK = 0 inputs in Table 
1A result in a non-character blink display as compared to 
the video DATA shown in the Blink Combinations Option 
Table 1B. 





(1) Reverse video = (REVID) and (RS) or (REVID) and (RS) 
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TABLE 1A: NON-BLINK COMBINATIONS 
OPTION TABLE 


| INPUTS sd | OUTPUTS | 


BLINK REVERSE BOLDI HINTI] VIDEO BOLDO we 
“ee 


0 
0 
0 
0 
0 
0 
0 
0 


-OoO+-0O70+0 
“"ooo+-+00 
“~On43 40O+-0 


INPUTS 


BLINK REVERSE BOLD! HINTI 
VIDEO 


CHARACTER 
BLINK 
WITHOUT 
CURSOR (1) 


OUTPUTS 


BOLDO HINTO 


* 
keer 
2 


ae eee Capes ee ee Ce ae a 
4+~32A00--00 
Bea 
Suceueusl 
=O ]O000 —4 
ie) 


-0oO+?0+0O+-0 


The Blink Combinations Option Table 1B shows the state 
of the video DATA (DATA = non inverted video; DATA = 
inverted video) during a character blink cycle (TIME A = 
OFF, TIME B = ON). The values of the output attributes 
(BOLDO, HINTO) that can be applied to the video DATA are 
determined by the state of the four input attributes. The 
BLINK = 1 inputs in Table 1B result in a blinking character 
display as compared to the non-blinking video DATA shown 
in the Non-blink Combinations Option Table 1A. Since 4 
levels of video are possible, Table 1A defines video blinking 
between 2 video levels. This is shown in the explanation 
Table 1C below. It should be noted that the designation 
NORMAL, 2 INTENSITY, % INTENSITY and BOLD have 
been used arbitrarily. The actual video levels caused by the 
BOLDO and HINTO are defined by the external video mix- 
ing circuit. 





TABLE 1C 


BOLDOJHINTO|INTENSITY LEVEL] BLINK BETWEEN THESE 
2 LEVELS (OFF-ON) 
NON REVERSE REVERSE 
VIDEO VIDEO 
0 NORMAL (N) N- N-% 
1 oe INTENSITY (%) Ya-N N-'% 
0 B-N N-B 
1 a INTENSITY ( (%) ¥Ya-N N - % 


*The duty cycle for the blink with respect to the video, HINT, 
BOLD is mask programmable with the following choices: 


A = 75% OR 50% B = 25% OR 50% (A+B must equal 
100%) 


(1) The combinations in Table 1 allow the user to define the 
cursor and the character blink interaction. A non-blinking 
cursor adds one more inversion to either a non-blinking 
character or a blinking character. A blinking cursor over- 
rides a character blink for the scan lines programmed for 





_cursor. A blinking cursor will introduce and then remove one 


more inversion to either a non-blinking character or a blink- 
ing character. 
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TABLE 2A: ALTERNATE NON-BLINK COMBINATIONS 
FOR CRT 9021 COMPATIBILITY 


| INPUTS 


OUTPUTS 
whew ee aco aR REVERSE BOLDI HINTI| VIDEO ee ae HINTO 
VIDEO 


0 
0 
0 
0 
0 
0 
0 
0 


7a 00++00 
=0O0- 0 0-0o 
pel 
pel 


The Alternate Non-blink Combinations for CRT 9021 
Compatibility Table 2A show the state of the video DATA 
(DATA = non inverted video; DATA = inverted video) and 
the value of the output attributes (BOLDO, HINTO) that can 
be applied to the video DATA as a function of the four input 
attributes. The BLINK = Oinputs in Table 2A result in a non- 
character blink display as compared to video DATA shown 
in Alternate Blink Combinations for CRT 9021 Compatibil- 
ity Table 2B. 





TABLE: 2B BLINK COMBINATIONS OPTION TABLE 































INPUTS CHARACTER 
BLINK 
BLINK REVERSE BOLD! HINTI | wiry 
CURSOR (1) 

J Bt_at_lT B* 
0 0 0 0 0 0 0 
0 0 1 0 0 1 1 
0 1 0 1 1 0 0 
0 { 1 1 1 1 1 
1 0 860 0 0 0 0 
1 0 1 0 0 1 1 
1 1 0 1 1 0 0 
1 1 1 1 1 1 1 





The Alternate Blink Combinations for CRT 9021 Com- 
patability Table 2B show the state of the video DATA (DATA 
non inverted video; DATA = inverted video) during a 
character blink cycle (TIME A = OFF, TIME B = ON). The 
values of the output attributes (BOLDO, HINTO) that can 
be applied to the video DATA are determined by the state 
of the four input attributes. The BLINK = 1 inputs in Table 
2B result in a blinking character display as compared to the 
non-blinking video DATA shown in the Alternate Non-Blink 
Combinations for CRT Compatibility Table 2A. In this table, 
the BOLDO and HINTO attributes are controlled by the 
BOLDI and HINTI attributes making them truly general 
purpose. 


*The duty cycle for the blink with respect to the video, HINT, 
BOLD is mask programmable with the following choices: 


A = 75% OR 50% B = 25% OR 50% (A+ B must equal 

100%). 
(1) The combinations in Table 2 allow the user to define the 
cursor and the character blink interaction. A non-blinking 
cursor adds one more inversion to either a non-blinking 
character or a blinking character. In both cases the char- 
acter blinks to the background video level. A blinking cursor 
overrides a character blink for the scan lines programmed 
for cursor. A blinking cursor will introduce and then remove 
one more inversion to either a non-blinking cursor or a 
blinking character. 
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TABLE 3A: NON-BLINK COMBINATIONS FOR THE 
STANDARD CRT 9041 (CRT 9041-004) 


INPUTS OUTPUTS 
VIDEO 


BLINK REVERSE BOLDI HINTI BOLDO HINTO 
VIDEO 













oooc0oco°0co 
-~o-0+-+00 
3=4200=3=00 
=O-0=00 





The Non-blink Combinations for the Standard CRT 9041 
of Table 3A shows the state of the video data (DATA = non 





inverted video; DATA = inverted video) and the value of the 
output attributes (BOLDO, HINTO) that can be applied to 
the video DATA as a function of the four input attributes. 
The BLINK = 0 inputs in Table 3A result in a non-character 
blink display as compared to video DATA shown in the Blink 
Combinations for the Standard CRT 9041 of Table 3B. 


TABLE 3B: BLINK COMBINATIONS FOR THE. 
STANDARD CRT 9041 (CRT 9041-004) 


OUTPUTS 
NON- CURSOR BOLDO HINTO 


INPUTS 
BLINK REVERSE BOLDI HINT! 


-=-300-=+00 





=—=-3-4-3Od000 


iB 
1 
1 
0 
0 
1 
1 
0 
0 


0 
1 
0 
0 
i 
0 
1 


-0-0-0+-0 
=-3200-+-00 
CO+-000=0 


The Blink Combinations for the Standard CRT 9041 of 
Table 3B shows the state of the video DATA (DATA = non 
inverted video; DATA = inverted video) during a character 
blink cycle (TIME A = OFF, TIME B = ON). The values of 
the output attributes (BOLDO, HINTO) that can be applied 
to the video DATA are determined by the state of the four 
input attributes. The BLINK = 1 inputs in Table 3B result in 
the blinking character display as compared to the non- 
blinking video DATA shown in the Non-Blink Combinations 
for the Standard CRT 9041 Table 3A. Since 4 levels of video 
are possible, Table 3B defines video blinking between 2 
video levels. This is shown by the explanation Table 3C 
below. It should be noted that the designation NORMAL, 
INTENSITY, % INTENSITY and BOLD have been used 
arbitrarily. The actual video level caused by the BOLDO and 
HINTO are defined by the external video mixing circuit. 





TABLE 3C 


INTENSITY 
LEVEL 


BLINK BETWEEN THESE 
2 LEVELS (OFF-ON) 
-REVERSE 
VIDEO 


NON REVERSE 
VIDEO 


NORMAL (N) 

Y> INTENSITY 
(2) 
BOLD (B) 

¥, INTENSITY 
(%) 














*The duty cycle for the blink with respect to the video, HINT, 
BOLD is mask programmable with the following choices: 


A = 75% OR 50% B = 25% OR 50% (A+B must equal 
100%) 


(1)The scan lines programmed for a non-blinking cursor 
force a non-blinking or blinking character to a normal video 
level and introduce one more level of inversion. A blinking 
cursor adds one more level of inversion to the video during 
the blink time to a non-blinking or blinking character. 


CURSOR FORMATS 


Four cursor formats are possible with the CRT 9041. If the 
parallel scan line input mode is used, one of four cursor for- 
mats may be selected as a mask programmed option for 
each cursor independently. If the serial scan line input is 
used, the cursor format is dynamically selectable on a 
character by character basis via input pins 21 and 19 (SL2/ 
BLC, SL3/BKC). See Table 4. The four cursor modes are 
as follows: 


Underline -— Thecursor will appear as an underline. The 
position and width of the cursor underline is 
mask programmed. An underline cursor will 
add one more level of inversion to the video 
on the programmed scan line(s) for under- 


line cursor. 
Blinking — The cursor will appear as an underline and 
Underline introduce and then remeve one more level 
of inversion to the video on the programmed 
scan line(s) for cursor underline. The cursor 
blink rate and duty cycle is mask program- 
mable as outlined in Tables 1, 2or3. 
Reverse §— The cursor will appear as a reverse video 
Video block. The block cursor will add one more 
Block level of inversion to the video for all scan 
lines in the character cell. 
Blinking — The cursor will appear as a blinking reverse 
Reverse video block. The cursor will introduce and 
Video then remove one more level of inversion to 


the video for all scan lines in the character 
cell. The cursor blink rate and duty cycle is 
mask programmable as outlined in Tables 
1,20r3. 


In the parallel scan line mode It is possible to change the 
scan line count on a character by character basis. If the scan 
inputs are stable atime TS2 (figure 2) prior to the next rising 
edge of the LD/SH input the scan line count will enter the 
delay latch of the CRT 9041. In the serial scan line mode, it 
is possible to change the cursor format on a character by 
character basis with the timing identical to that described in 
the parallel scan line mode (TS2). This timing is shown in 
the AC timing diagram, Figure 2. 
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TABLE 4: CURSOR FORMATS 


(PIN21) (PIN19) Cursor Function 
SL2/BLC SL3/BKG 
1 0 


Underline 

Reverse Video Block 

Blinking Underline 

Blinking Reverse 
Video Block 


X Mask programmable 
. only 






Scan Line 
Input Mode 












Serial 


Parallel 


1 
0 
1 


oo- 








DISPLAY MODES 


Inputs MS1 and MSO select one of four display modes. All 
attributes except underline operate independent of the dis- 
play mode used. Figures 6a and 6b illustrate a typical CRT 
9041 configuration which operates in all display modes for 
the parallel and serial scan line modes respectively. 


MS1,MSO = 00—Wide Graphics Mode. 

In this display mode, inputs D11-D4 define 
a graphic entity as illustrated in Table 5. 
Note that individual bits in D11-D4 will 
illuminate particular portions of the char- 
acter block. Table 5 shows all program- 
ming ranges possible when defining the 
wide graphics boundaries. Only under- 
line 2 is possible in this display mode. 


MS1,MSO = 10—Thin Graphics Mode. 
In this display mode inputs D11-D4 define 
a graphic entity as illustrated in Table 6. 
Note that individual bits in D11-D4 will 
illuminate particular horizontal or vertical 
line segments within the character block. 
Table 6 shows all programming ranges 
possible when defining the thin graphics 
boundaries. Only underline 2 is possible 
in this display mode. 


MS1,MSO = 01—Character Mode without Underline 1. 

In this display mode, inputs D11-D4 go 
directly from the input latch to the video 
shift register via the Attributes and 
Graphics Logic. This mode requires either 
a bit mapped system RAM (1 bit in RAM 
equals 1 pixel on the CRT) or acharacter 
generator as shown in Figures 6a and 6b. 
Underline 2 is possible in this display 
mode. 


MS1,MSO = 11-—Character Mode with Underline 1. 
Same operation as MS1, MSO = 01 with 
the underline attribute byte appearing on 
the scan line(s) mask programmed. 
Underline 2 is possible in this display 
mode. 


> 
P-4 
2 
ia 
ee 
A 





TABLE 5: WIDE GRAPHICS MODE 


SL3-SLO ROW# C11 C10 C9 C8 C7 C6 C5 C4 C3 C2 C1 CO BF BF... 


HO, H1, H2, H3, WO, W1, are mask programmable. 
The values shown are for the CRT 9041-004. 


TABLE 6: THIN GRAPHICS MODE 


SL3-SLO ROW# C11 C10 C9 C8 C7 C6 C5 C4 C3 C2 C1 CO BF BF.... 


VERTICAL HEIGHT HORIZONTAL POSITION 


PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 


HORIZONTAL LENGTH ~~ VERTICAL POSITION 


C11-C7 PROGRAMMABLE 
C7-BF PROGRAMMABLE © 
C11-BF* PROGRAMMABLE 
C11-BF* PROGRAMMABLE 


The height of D4 and D5, the length of D6 AND D7, and the position of 
D4-D11 are mask programmable. The values shown are for the CRT 9041-004. 
. “These values are fixed 
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DOUBLE WIDTH MODE 


In order to display double width characters, video must be 
shifted out at half frequency and the video shift register must 
receive new information (parallel load) every other LD/SH 
input pulse. In order to divide the video dot clock (VDC) and 
the LD/SH pulse internally at the proper time, the cursor 
input should be pulsed during RETBL prior to the scan line 
to be displayed as double width. The CURSOR input must 
remain low for a minimum of 1 LD/SH period from the leading 
edge of RETBL. The CURSOR input can stay high for the 
entire RETBL time but should not extend into active video. 
If it does, a cursor will be displayed. It is assumed that the 
CRT controller knows when a particular scan line should be 
double width and it should activate the CURSOR in the 
manner just described. Double height/double width 
characters can also be displayed if the scan line count is 
incremented by the CRT controller every other scan line. 
Figure 5 illustrates timing for both single and double width 
modes. The CRT 9007, which supports double height 
double width characters, will produce the cursor signal as 
required by the CRT 9041 with no additional hardware. It 
should be noted that the XCURSOR input will not affect the 
double width logic on the CRT 9041 in any way. 


SCAN LINE INPUT MODES 


Scan line information can be introduced into the CRT 9041 
in parallel format or serial. Table 7 illustrates the pin definition 
as a function of the scan line input mode. The CRT 9041 
will automatically recognize the scan line mode by observing 
the activity on pin 22. In parallel mode, this input will be active 
low for at least 1 scan line and in serial mode this input will 
remain low for about 5 or 6 LD/SH periods. If pin 22 goes 
active low for less than seven but more than two continuous 
LD/SH periods during the last scan line that has an active 
low on the VSYNC input, the serial mode will be locked in 
for the next frame. The parallel scan line input mode will be 
selected for the next frame if the following two conditions 
occur during the VSYNC low time. First, at least one positive 
transition must occur on pin 22 and second, pin 22 must be 
low for seven or more LD/SH periods. Refer to Figure 4 for 
timing details. Whenever the CRT 9041 detects a change 
of scan line modes (from parallel to serial or visa versa), the 
internal blink counter will be initialized to a known count 
value.” This allows the user to achieve phase 
synchronization of the blink rates from two or more CRT 
9041's. This is useful if one multiplexes alternate dots from 
two CRT 9041’s to double the allowable video dot rate. 
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TABLE 7: PIN DEFINITION FOR PARALLEL 


ee 


















*Note: Product with this feature will be available for release 
in fourth quarter of 1984. 





DOT STRETCH 


Dot stretch is a mechanism whereby a single illuminated 
dot will never stand alone in the video stream. This 
eliminates the intensity variation otherwise found between 
single and multiple dots by raising the intensity level of single 
dots up to the level of consecutively displayed dots. To 
accomplish this, each illuminated dot (represented by a logic 
“1”) will be extended into the next dot position. The following 
example illustrates the dot stretch mechanism. 


100101100100 
1107111110110 


Input bit pattern (D11-D0O) 
Output bit pattern 


For reverse video, logic “0’’’s are stretched (logic “1” 
represents the background of the reverse video character). 
The following example illustrates the mechanism in reverse 
video. 


010011001000 
1011001101-11 
100100010011 


Input bit pattern (D11-D0) 
Reverse video pattern 
Output bit pattern 


In all cases, the next load of the shift register will always 
load the D11 bit to the output regardless of the value of the 
video output prior to the load. This dot stretch mechanism 
can be enabled on a character by character basis (or scan 
line by scan line) and is controlled by the DST input which 
is updated each LD/SH period. The dot stretch signal enters 
the CRT 9041 with the D11-D0 inputs. In all cases, backfill 
(BF) is not affected by the dot stretch input. 





BACKFILL 


Backfill is a mechanism that allows a character width of 
greater than 12 dots and provides dot information (usually 
blanks) for all dots beyond 12. The character width is defined 
by the period of the LD/SH input. For the character modes, 
backfill is added to the end of the character by two methods 
which are mask programmable. 


Method A-— The backfill (BF) dots will be the same as 
the dot displayed in position C11. 
Method B— The backfill (BF) dots will be the same as 


the dots displayed in position CO. 





MAXIMUM GUARANTEED RATINGS* 


Operating Temperature in Range 
Storage Temperature Range 


ee ed 


Lead Temperature(Soldering; 10: SOC.) s./.3 sesh cneecinsdhes soy cian aeicn y bios Susan dwnes een pvRbows SeeeeeueeN eta dt + 325°C 
Positive Voltage on any Pin, with reSpect to QrOUNd 1.0... ieee cece cece eee e reece ee entree eee eee ee eee eset eeeeteenees +8V 
Negative Voltage on any Pin, with respect to Ground ........ ccc cece cece eee e ee eee eter eee eee e tense teen t teen teens —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this spec- 
ification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum 

Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their 

outputs when the AC power is switched on and off. in addition, voltage transients on the AC power line may appear on 

the DC output. If this possibility exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (T, = 0°C to 70°C, V,. = +5V +5%, unless otherwise noted) 


PARAMETER | MIN | TYP | MAX | UNIT | COMMENTS PRELIM 
DC CHARACTERISTICS Note: Tasha NARY 
INPUT VOLTAGE LEVELS Ome parametric limits are aysetttcation 
Low Level V,, V = ~Piect to change 
High Level V4, 2.0 V Allinputs except VDC, LD/SH 
High Level Vi42 4.3 V For VDC, LD/SH input 
OUTPUT VOLTAGE LEVELS 
Low Level Vo. V log = 0.4mMA 
High Level Vow 2.4 V_ | low = 100pA 


INPUT LEAKAGE CURRENT __ 
Leakage I,, 10 pA 0<Vin<V,,; excluding VDC, LD/SH 
Leakage I,» 50 pA O<V,,SV,,; for VDC, LD/SH 

INPUT CAPACITANCE =e 
Cwm 10 pf Excluding VDC, LD/SH 
Cine 35 pf LD/SH 
Cins 35 pf VDC 

POWER SUPPLY CURRENT 
lee 

AC CHARACTERISTICS 

PARAMETER COMMENTS 

VDC! CRT9041A 
1/tey, VDC frequency CRT9041B 

CRT9041C 
tex. VDC low 
texu VDC high 
texa VDC rise time Measured from 10% to 90% points 
texe VDC fall time Measured from 90% to 10% points 

LD/SH 

toys CRT9041A (1) 
CRT9041 B (1) 
CRT9041C (1) 
ts, 
tht 

INPUT SETUP AND HOLD 

tse CRT9041A 
CRT9041B > For inputs SLG, SLD, VSYNC 
CRT9041C ar 
For all other inputs except VDC, LD/SH 

the 

MISCELLANEOUS TIMING 
tep CRT9041A 

CRT9041B 
CRT9041C 
tow 





(1) When mask programmed for CRT 9021 compatibility TCY2 will be slower. 
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ALLINPUTS_ 
(EXCEPT VDC, LD/SH) 


VDC 


VIDEOOR 


CURSOR 
(FOR DOUBLE WIDTH) 


FIGURE 2: CRT 9041 INPUT/OUTPUT TIMING 


LD/SH | i L U | LI L| I | 
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SLG N \ ' ' ; ' if 
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te NOT USED BY CRT 9041 


FIGURE 3: SERIAL SCAN LINE MODE TIMING 
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FIGURE 4: SERIAL/PARALLEL SCAN LINE MODE SELECTION TIMING 
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WIDTH 


(NCEHIAL 
1 1 4 ( 1 
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3 ( { { 1 1 
(PouBte) “CHAR CHARS 
t { 1 i) t ‘ 
I 


WIDTH 


; ! ! ' I ' 
(NORMAL) GHAR 
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WIDTH 


Di11-D10 


' ‘ i ' 
t ' ! ' 
t 
VIDEO (N-2)X VIREO XvIDEON BLANKING VIDEO OX VIDEO 1XVIDEO 2X VIDEO 3 
1 ‘ 
t t 


1 
VIDEO \ : 
(DOUBLE) VIDEO (N/2-1) VIDEO N/2 BLANKING VIDEO 0 VIDEO 1 
WIDTH : . . . ; 
t ' 


t 1 e 
ATTRIBUTE IN! \ 
(NORMAL ) 
WIDTH 


ATTRIBUTE OUT! 
eee) 
WIDTH 


ATTRIBUTE IN! 
(ore) 
WIDTH 
ATTRIBUTE OUT! 
(pote) 
WIDTH 





1-Attriputes include MSO, MSI, BLINK, CHABL, HINT, BOLD, REVID and XCURS 


FIGURE 5: CRT 9041 FUNCTIONAL I/O TIMING 





PROGRAM OPTIONS 


The CRT 9041 has a variety of mask programmed options. Tables 8 and 9 illustrate the range of these options for the wide 
and thin graphics modes respectively. Table 10 illustrates the range of the miscellaneous other mask programmed options. 
In addition, Tables 8, 9 and 10 show the mask programmed options for the CRT 9041-004. 


TABLE 8: WIDE GRAPHICS 
MASK PROGRAMMING OPTIONS 


OPTION CHOICES CRT 9041-004 


Height of Graphic 
block* 


D11 AND D7 any scan line(s) RO,R1,R2 
D10 AND D6 any scan line(s) R3,R4 

D9 AND D5 any scan line(s) R5,R6 

D8 AND D4 any scan line(s) R7 thru R15 


Width of graphic any consecutive C11 thru C7 
block** dots 
D11,D10,D9,D8 C11 thru CO 


D7,D6,D5,D4 all remaining dots C6 thru CO 
not specified above plus BF 


*Any graphic block pair can be removed by programming for zero scan 
lines, 
“*Total number of dots for both must be equal to the total dots per char- 
acter with no overlap. D11,D10,09 and D8 must always be to the left 
of D7-D4. 


Tsecriony. * 


3 
$7 


WIDE GRAPHICS 


SL3-SLO ROW# C11 C10 C9 C8 C7 C6 C5 C4 C3 C2 Ci CO BF BF... 





RO 
R1 
Re 
R3 
R4 
R5 | 

R6 D9 

R7 
R8 
R9 





D8 D4 HO 
es 
| Wt. wo 


HO, H1, H2, H3, WO, W1, are mask programmable. 
The values shown are for the CRT 9041-004. 
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TABLE 9: THIN GRAPHICS 
MASK PROGRAMMING OPTIONS 


OPTION CHOICES STANDARD CRT 9041-004 


Backfill any dot(s) within the pro- 
grammed D7 range to the right 
of the programmed column(s) 
for D11. co 


Horizontal position for 
D6 and D7 any scan line(s) RO-R15 R5 
D8 any scan line(s) RO-R15 RO 
D9 any scan line(s) RO-R15 R9 
Norizontal length for 
D6 (1) any consecutive dots C11 thru C7 
D7 (1) all dots not covered by D6 with 
. one dot overlapping. C7 thru BF 
Blanked dots for serrated horizontal lines 
any dot(s), BF programmed none 
any dot(s), BF programmed none 
any dot(s), BF programmed none 





Vertical position for: 
D4 and D5 any dot(s) C11-C0,BF 
D10 (2) any dot(s) C10-C0,BF 
any dot(s) C11-CO 


any scan line(s) RO thru R5 
any scan lines not in D4 R6 thru R15 
no choice; always RO thru R15 RO thru R15 
no choice; always RO thru R15 RO thru R15 


(1) D6 and D7 must always overlap by 1 dot. This overlap may be blanked by specifying the proper column(s) in the serration 
program line. D7 must always be to the left of D6. 
(2) D11 must always come before D10 with no overlap: otherwise D10 is lost. 


THIN GRAPHICS 


SL3-SLO ROW# C11 C10 C9 C8 C7 C6 C5 C4 C3 C2 C1 CO 
VERTICAL HEIGHT HORIZONTAL POSITION 


RO-R5 PROGRAMMABLE 
R6-R15 PROGRAMMABLE 
RO-R15 PROGRAMMABLE 
RO-R15* PROGRAMMABLE 




















HORIZONTAL LENGTH — VERTICAL POSITION 


C11-C7 PROGRAMMABLE 
C7-BF PROGRAMMABLE 
C11-BF* PROGRAMMABLE 
C11-BF* PROGRAMMABLE 
































The height of D4 and D5, the length of D6 AND D7, and the position of 
04-D11 are mask programmable. The values shown are for the CRT 9041-004. 
“These values are fixed 
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TABLE 10: MISCELLANEOUS MASK PROGRAMMING OPTIONS 


OPTION CHOICES “STANDARD” CRT 9041-004 


Backfill in character mode 
Character blink rate 

(division of VSYNC frequency) 
Cursor blink rate (2) 


Extra cursor underline position 
Cursor format (3) 


Extra cursor format (3) 


Blink table 


C11 or CO 


8 to 60 even numbers 
(7.5 Hz to 1 Hz) (1) 


same as, half, or twice the charac- 
ter blink rate 


50/50 or 75/25 


50/50 or 75/25 


any scan line(s) RO thru R15 
any scan line(s) RO thru R15 
any scan line(s) RO thru R15 


any scan line(s) RO thru R15 


underline 

blinking underline 

reverse video block 
blinking reverse video block 


underline 

blinking underline 

reverse video block 

blinking reverse video block 


Table 1 


Table 2 
Table 3 





CURSOR or XCURSOR effect on 
BOLDO and HINTO 


1) Assumes VSYNC input frequency 


no effect or force to zero at cursor 
position 





of 60 HZ. 


2) Valid only if the cursor is formatted to blink. 
3) Valid for the parallel scan line mode only. 


SYSTEM RAM 
OR 


SINGLE ROW 
BUFFER 


OR 


DOUBLE ROW 
BUFFER 


FROM 
CONTROLLER 


C11 


48 
(1.25Hz) (1) 


(2.50 HZ) (1) 


50/50 
50/50 
R8 
R10 
R9 
R11 


blinking reverse 
video block 


blinking 
underline 


Table 3 


force to zero at cursor position. 





011-00, DST 


CRT 9041 


SL3-SLO 


VSYNC 
RETBL 
CURSOR 


MSO 
MSI 
BLINK 


CHABL 


HINTI 


VAC 


VIDEO ‘ 
HINTO Fe} x 


VIDEO 
BOLDO Ti e TO MONITOR 


XCURS/GP11 
UL2/GP2I 


REVID 
ATTEN 
UD’SH 
vbC 


FIGURE 6a: CRT 9041 SYSTEM CONFIGURATION IN 
PARALLEL SCAN LINE MODE 
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SYSTEM RAM 
OR 


SINGLE ROW 
BUFFER 


OR 


DOUBLE ROW 
BUFFER 


FI 


STANDARD MICROSYSTEMS 


35 Marcus Blvd. Hauppauge NY 11788 
1516) 273-3100 TWX-510- 227-8898 


D11-D0, DST 


CRT 9041 
VAC 


O OBNWANO 


L rae 


SLD ieee M 

VSYNC VIDEO 

Aree TO MONITOR 
CURSOR 


PROGRAMMED 
FOR CURSOR 
FORMAT 


GURE 6b: CRT 9041 SYSTEM CONFIGURATION IN 
SERIAL SCAN LINE MODE 





Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS CRT 9212 


UPC FAMILY 





——_——— 


Double Row Buffer 
DRB 


FEATURES 


(] Low Cost Solution to CRT Memory 
Contention Problem 


(_] Provides Enhanced Processor Throughput for 
CRT Display Systems 


LC] Replaces Shift Registers or Several RAM and 
Counter IC’s in CRT Display System 


CJ Permits Display of One Data Row While Next 
Data Row is Being Loaded 





C] Data May be Written into Buffer at Less Than 
the Video Painting Rate 


] Double Data Row Buffer Permits Second Data 
Row to be Loaded Anytime during the Display 
of the Preceding Data Row 


(1 Permits Active Video on All Scan Lines of 
Data Row 


(] Dynamically Variable Number of Characters 
per Data Row—...64, 80, 132,...up to 
a Maximum of 135 


(J Cascadable for Data Rows Greater than 
135 Characters 


—] Stackable for “Invisible Attributes” 
or Character Widths of Greater than 8 Bits 


PIN CONFIGURATION 


DOUT2 10 (77 
DOUT1 11 7 
DOUTO 12 [4 


[19 CLRCONT 


PACKAGE 28-pin D.I.P. 





(J Three-State Outputs 
C] Up to 4 MHz Read/Write Data Rate 


(_] Compatible with SMC CRT 5037, CRT 9007, 
and other CRT Controllers 


CJ 28 Pin Dual-In-Line Package 
C1) +5 Volt Only Power Supply 
[J TTL Compatible 


GENERAL DESCRIPTION 


The CRT 9212 Double Row Buffer (DRB) provides 
a low cost solution to memory contention between the 
system processor and the CRT controller in video dis- 
play systems. 

The CRT 9212 DRB is a RAM-based buffer which 
provides two rows of buffering. It appears to the sys- 
tem as two octal shift registers of dynamically vari- 
able length (2-135 bytes) plus steering logic. 

The CRT 9212 permits the loading of one data row 


while the previous data row is being displayed. The 
loading of data may take place during any of the scan 
line times of the data row. This relaxed time-con- 
straint allows the processor to perform additional 
processing on the data or service other high priority 
interrupt conditions (such as a Floppy Disk DMA 
request) which may occur during a single video scan 
line. The result is enhanced processor throughput and 
flicker-free display of data. 
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= 
2 
a) 
w-_ 
Oo 
+ 
az) 


ADDRESS 
COUNTER 1 |__ADDR7-0 


vocontro. [—___ » 
OCTAL 
2-1 
MUX DOUT7-0 
vocontro. [-____ > | 
l| TOG 
CLRCNT 


ADDRESS OE 
COUNTER2[  ADDR7-0 
; RCLK 


READ/WRITE REN 
CONTROL WCLK 


FIGURE 1: 
CRT 9212 DOUBLE ROW BUFFER BLOCK DIAGRAM 


RCLK 
CLRCNT 


INTERNAL 
CLRCNT 


INTERNAL et ee 
RAN ADDR VM R_®°R0_ soo 1 avoR2 J aooRs ) woorisXnonn eM 


(READ) 


FIGURE 2: CRT 9212 DOUBLE ROW BUFFER READ TIMING 





400 


DESCRIPTION OF PIN FUNCTIONS 






12-9, 7-4 |Data outputs DOUTO- 
DOUT7 


iieealal lock el 


kee BSE REDE Enable 


FFE a wned 
3 _ = 


ae 25 poe Enabie WEN | 


fe ee = 
Write Clock el 


| _8 __| Power Supply Veo 













is active. 



















PINNO. = |NAME SYMBOL | FUNCTION 


3-0, 28, DINO-DIN7 | DINO-DIN7 are the data inputs from the system memory. 
16-13 


DOUTO-DOUT7 are the data outputs from the CRT 9212 internal data output 
latch. Valid information will appear on DOUTO-DOUT7 two RCLK periods after 
the rising edge of REN. This introduces two pipeline delays when supplying data 
to the character generator. 


RCLK increments the current “read” address register, clocks data through the 
“read” buffer and moves data through the internal pipeline at the trailing edge. 


TOG alternates the function of each buffer between read and write. TOG nor- 
mally occurs at every data row boundary. Switching of the buffers occurs when 
both TOG and CLRCNT are low. 


Clear Counter clears the current “read” address counter at the next RCLK posi- 
tive edge. CLRCNT is normally asserted low at the beginning of each horizontal 
retrace interval. CLRCNT clears the current “write” address counter when the 


(ne ae enables the loading of data from the selected “read” buffer into the output 
aS Data is loaded when Read Clock is active. 


WOF high indicates that data is being written into the last memory position (posi- 
tion 135). When WOF is high, further writing into the selected “write” buffer is dis- 
abled. WOF may be connected to the WEN1 or WEN2 inputs of a second CRT 
9212 for cascaded operation where data row lengths of greater than 135 charac- 
ters are desired. See figure 4. 


The Read Overflow output is high when data is being read from the last memory 
position (position 135). ROF high disables further reading from the selected 
“read” buffer. ROF may be connected to the REN input of a second CRT 9212 for 
cascaded operation where data row lengths of greater than 135 characters are 
desired. DOUTO-7 will switch into a high impedance state at the second positive 
transition of RCLK after ROF goes high. See figure 4. 
WEN allows input data to be written into the selected “write” buffer during WCLK 
| WeNé | See Both WEN1 and WEN 2 must be high to enable writing. WEN1 has an 
internal pullup resistor allowing it to assume a high if pin 24 is left open. 
When the OE input is low, the data outputs DOUTO-DOUT7 are enabled. When 
OE is high, DOUTO-DOUT7 present a high impedance state. OE has an internal 
pulldown resistor allowing it to assume a low if pin 26 is left open. 
WCLK clocks input data into the selected “write” buffer and increments the cur- 
rent “write” address register when WEN1 and WEN2 are high. 


+5 Volt supply 

































































OPERATION 


Figure 1 illustrates the internal architecture of the CRT 
9212. It contains 135 bytes of RAM in each of its two buff- 
ers. In normal operation, data is written into the input latch 
on the positive-going edge of Write Clock (WCLK). When 
both Write Enable (WEN1, WEN 2) signals go high, the next 
WCLK causes data from the input latch to be written into 
the selected buffer (1 or 2) and the associated address 
counter to be incremented by one. Loading of the selected 
RAM buffer continues until WEN goes inactive or until the 
buffer has been fully loaded. At the next data row boundary, 
the Toggle Signal (TOG) will go low. When Clear Counter 
(CLRCNT) goes low, the next Read Clock (RCLK) will begin 
to reset both buffer address counters to zero, switching the 
buffer just loaded from a “write buffer” to a “read buffer”, 
permitting the next row of data to be written into the other 
buffer. Data from the current “read” buffer is read out of the 
buffer and to the output latch whenever Read Enable (REN) 
is high during a Read Clock (RCLK). Each read-out from 


























the buffer RAM causes the “read” address counter to be 
incremented. REN is normally high during the entire visible 
line time of each scan line of the data row. CLRCNT resets 
the present “read” address counter. The negative edge of 
CLRCNT is detected by the CRT 9212 and the internal “read” 
address counter is cleared independent of the CLRCNT 
pulse width. The CLRCNT input may be tied to the REN 
input for proper operation. 

Figures 2 and 3 illustrate the functional timing for reading 
and writing the CRT 9212. It is possible to cascade two or 
more CRT 9212’s to allow for data storage greater than 135 
bytes by employing the read overflow (ROF) and write 
overflow (WOF) outputs. Figure 4 illustrates two CRT 9212's 
cascaded together. 

The CRT 9212 is compatible with the CRT 9007 video 
processor and controller (VPAC™) and the CRT 8002 video 
display attributes controller (VDAC™). A typical video 
configuration employing the three parts is illustrated in 
figure 5. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ...... cece een een eee nee eee eee eee eet eetenenans 0°C to + 70°C 
Storage Temperature Range ... 1... cece eee e nent eee ee beet nent nent een eteenenees — 55°C to + 150°C 
Lead Temperature (soldering, 10SEC.) . 0... ccc eee renee eb been e eee ee eee eeenenages + 325°C 
Positive Voltage on any Pin, with respect to Ground ........... cece ccc cece cence nent eens bbe e ee en eer eeeenes +8.0V 
Negative Voltage on any Pin, with respect to Ground ....... cece ccc cee eee tebe eee renee nett neste enna —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 


ELECTRICAL CHARACTERISTICS (T, =0°C to 70°C, Vec= +5V+5%) 


UNITS COMMENTS 
OUTPUT VOLTAGE LEVELS 


excluding RCLK; WCLK 
RCLK, WCLK 

pA 

pA 

pA 


2.0 

4.2 
High Level Vo, we EE 
INPUT LEAKAGE CURRENT . 
High Leakage I, excluding OE 
Low Leakage I,,, excluding WEN1 
High Leakage |... an WEN1 
Low Leakage |.,, 400 pA OE 

pF excluding RCLK, WCLK 
mires RCLK, WLR 


PARAMETER 


DC CHARACTERISTICS 
INPUT VOLTAGE LEVELS 
Low Level V,. 
High Level V,.,, 
High Level V,.,2 


INPUT CAPACITANCE 
Cn 
IN2 


POWER SUPPLY CURRENT 


lee 


AC CHARACTERISTICS' 
Write clock period 
teva Read clock period 
town 
text 
tex measured from 10% to 90% points 
toxe measured from 90% to 10% points 
tos referenced to WCLK 
tos referenced to WCLK 
tens? 
tens? 
tenn? 
tov C, = 50 pF; referenced from RCLK 
toorr 
toon 
tors C, = 30 pF 
tes 
ton 
twr4 





1 - Reference points for all AC parameters are 2.4V high and 0.4V low. 

2 - For REN, referenced from RCLK; for WEN1 or WEN2 referenced to WCLK. 

3 - For ROF, referenced from RCLK; for WOF referenced from WCLK. 

4 - Atleast 1 WCLK rising edge must occur between CLRCNT or TOG (whichever occurs last) and WEN (= WEN1-WEN2). 
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PROCESSOR 
Pi; 


MEMORY 
ROM CRT 9007 
VPAC™ 


LD 
id fous, 74378 | 


OA 08 fot, 74978 | 20 


RAM 
VIDEO RAM 


mort-~zoz On 


Sion 


o 
vat WEN TOG CLRCNT REN Sere R3 R2 R1 RO CURSOR VSYNC RETBL 


OUT 7-0 ATTRIBUTES 
Cr pate CRT8002 


UBL! VDAC™ 
ROW BUFFER 
OIN7-8 CHARACTERIATTRIBUTES 
GENERATOR 


FIGURE 5: CRT 9212 CONFIGURED WITH THE CRT 9007 VPAC AND THE CRT 8002 VDAC™ 


tevw, teva 


tok 


tenn 


bad 


tens 


REN, WEN 1, 2 


toorr toon 


WOF, ROF 


DOUT?7-0 aaa VALID DATA OUT a 


CLRCNT OR TOG 


WEN 1, 2 


FIGURE 6: CRT 9212 1/0 TIMING 
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CLRONT 


AaB Foon IIL 


(WRITE) 


WEN 
(= WEN 1-WEN 2) 


010 LLL X88 * YT 28142 XoaTas Nowra vo NLL 
WRITE DATA (_patao X paras W/////X PATA) foaraogy P88 NUL 


wor QM , eer Sai 


*in general WCLK and RCLK can be different 


FIGURE 3: CRT 9212 DOUBLE ROW BUFFER WRITE TIMING 


O} CLRCNT 
eas i ine a 


| Pear 
iL 


FIGURE 4: CRT 9212 CASCADED CONFIGURATION 
FOR DATA ROW LENGTHS UP TO 270 CHARACTERS 





ab Floppy Disk Conuoney 


a Formatter 
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STANDARD MICROSYSTEMS 
—— 


FDC 765A 
FDC 7265 


Single/Double Density Floppy Disk Controller 


FEATURES 

(] IBM Compatible in both Single and Double Density 
Recording Formats (FDC765A) 

L] Sony (EMCA) Compatible Recording Format 
(FDC7265) 

CJ Programmable Data Record Lengths: 128, 256, 512, or 
1024 Bytes/Sector 

(J Multi-Sector and Multi-Track Transfer Capability 

C] Drive Up to 4 Floppy Disks 

(] Data Scan Capability—will scan a Single Sector or an 
entire cylinder’s worth of data fields, comparing ona 
Byte by Byte Basis, data in the Processor’s Memory 
with data read from the Diskette 

LJ Data Transfers in DMA or Non-DMA Mode 

L] Parallel Seek Operations on up to four drives 

L] Compatible with Most Microprocessors 

C) Single Phase 8 MHz Clock 

CZ Single + 5 Volt Power Supply 

(J COPLAMOS¢® n-Channel Silicon Gate Technology 

LC Available in 40-Pin Dual-in-Line Package 


PIN CONFIGURATION 


LCT/DIR 
FR/STP 
HDL 
RDY 
WP/TS 
| FLT/TR, 
PS, 
WDA 
US, 

US, 

HD 
MFM 
WE 
VCO 
RD 
-RDW 
WCK 


PACKAGE: 40-pin D.1.P. 


GENERAL DESCRIPTION 


The FDC765 is an LSI Floppy Disk Controller (FDC) Chip, 
which contains the circuitry and control functions for inter- 
facing a porocessor to 4 Floppy Disk Drives. It is capable of 
supporting either IBM 3740 single density format (FM), or 
IBM System 34 Double Density format (MFM) including 
double sided recording. The FDC765 provides control sig- 
nals which simplify the design of an external phase locked 
loop, and write precompensation circuitry. The FDC sim- 
plifies and handles most of the burdens associated with 
implementing a Floppy Disk Interface. 


The FDC7265 is an addition to the FDC family that has been 
designed specifically for the Sony Micro Floppydisk® drive. 
The FDC7265 is pin-compatible and electrically equivalent 
to the 765A but utilizes the Sony recording format. The 
FDC7265 can read a diskette that has been formatted by 
the FDC765A. 


Hand-shaking signals are provided in the FDC765/ 
FDC7265 which make DMA operation easy to incorporate 
with the aid of an external DMA Controller chip. The FDC 
will operate in either DMA or Non-DMA mode. In the Non- 
DMA mode, the FDC generates interrupts to the processor 


every time a data byte is available. In the DMA mode, the » 


processor need only load the command into the FDC and 
all data transfers occur under contro! of the FDC765/ 


FDC7265 and DMA controller. 


There are 15 separate commands which the FDC765/ 


FDC7265 will execute. Each of these commands requires 
multiple 8-bit bytes to fully specify the operation which the 
processor wishes the FDC to perform. The following com- 
mands are available: 


Read Data Write Data 

Read ID Format a Track 

Read Deleted Data Write Deleted Data 

Read a Track * Seek 

Scan Equal Recalibrate (Restore to Track 0) 
Scan High or Equal Sense Interrupt Status 

Scan Low or Equal Sense Drive Status 

Specify 


Address mark detection circuitry is internal to the FDC 
which simplifies the phase locked loop and read electron- 
ics. The track stepping rate, head load time, and head 
unload time may be programmed by the user. The FDC765/ 
FDC7265 offers many additional features such as multiple 
sector transfers in both read and write with a single com- 
mand, and full IBM compatibility in both single and double 
density models. 
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DATA BUS 
BurreR Ke Ke REGISTERS 


WR CLOCK 

WR DATA 

WR ENABLE 
TERMINAL PRE-SHIFT O 


SERIAL 
COUNT 
INTERFACE PRESHIET! 


oro CONTROLLER coors 


OACK READ DATA WINDOW 
INT READ/ Vco SYNC 
WRITE/ 
OMA 
Cj CONTROL 


Locic READY 


WRITE PROTECT/TWO SIDE 
INDEX 
FAULT/TRACK 0 


DRIVE 
INTERFACE 
CONTROLLER UNIT SELECT O 
UNIT SELECT 1 


M 
ouTeuT FM MOOE 


PORT “RWISEEK 
HEAD LOAD 
HEAD SELECT 
LOW CURRENT/DIRECTION 
FAULT RESET/STEP 


BLOCK DIAGRAM 


8080 SYSTEM BUS 


Ao 


RD 

WR 

cs 

INT 

RESET READ 


DATA 
WINDOW 


RD DATA 
DMA 


. WR DATA 
CONTROLLER FDC 765 DRIVE 


- INTERFACE 
Fees INPUT CONTROL 


TERMINAL 
COUNT OUTPUT CONTROL 


SYSTEM CONFIGURATION 
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DESCRIPTION OF PIN FUNCTIONS 
OUTPUT TO FUNCTION 


[| NAME 

Processor Places FDC in idle state. Resets 
output lines to FDD to “0” (low). 
Does not effect SRT, HUT or HLT 
in Specify command. If RDY pin is 
held high during Reset, FDC will 
generate interrupt 1.024 ms later. 
To clear this interrupt use Sense 
Interrupt Status command. 


Read Input® Processor Control signal for transfer of data 
from FDC to Data Bus, when 
“0” (low). 
R Write Input® Processor Control signal for transfer of data to 
a” FDC via Data Bus, when “0” (low). 
S$ Chip Select Input Processor IC selected when ‘‘0” (low), 
allowing RD and WR to be 
enabled. 
Data/Status Reg Input® Processor Selects Data Reg (A, = 1) or 
Select Status Reg (A, = 0) contents of 
the FDC to be sent to Data Bus. 
Data Bus Input® Processor Bi-Directional 8-Bit Data Bus. 
Output 
Data DMA Output D DMA Request is being made by 
Request FDC when DRW = “‘1’ 
DACK DMA Input D DMA cycle is active when “0” (low) 
Acknowledge and Controller is performing DMA 
transfer. 
Terminal Count Input D Indicates the termination of a DMA 
DMA or interrupt mode. 
F 


MA 
MA 
MA 
X Input DD Indicates the beginning of a disk 
track. 
D 
D 
D 
D 
DD 


SYMBOL 
ST 
















5 


D 


3) =| 8 J | 
@ 

















6-13 7 


—_ 
rs 


oa 









transfer when “1” (high). It 





terminates data transfer during 





Read/Write/Scan command in 











X 
S) 


a 
= x 
if 


= 
oa 


kK 
CLK Clock Single Phase 8 MHz Squarewave 
loc 


GND [Ground | D.C. Power Return. 


Write Clock Write data rate to FDD. FM = 500 
kHz, MFM = 1 MHz, with a pulse 
width of 250 ns for both FM and 
MFM. 


k 
20 : 















= o 


22 RDW Read Data Phase Lock Loop | Generated by PLL, and used to 
Window sample data from FDD. 

23 RDD Read Data Input FD Read data from FDD, containing 
clock and data bits. 

24 VCO. VCO Sync Output Phase Lock Loop | Inhibits VCO in PLL when “0” 
(low), enables VCO when “1.” 

25 Write Enable Enables write data into FDD. 

26 MFM Mode Output Phase Lock Loop | MFM mode when “1,” FM mode 
when “0.” 

27 HD Head Select Output FD Head 1 selected when “1” (high). 
Head 2 selected when “0” (low). 

28,29 | US,, US, Unit Select Output FDD Unit Selected. 
Write Data Output Serial clock and data bits to FDD. 
31,32 | PS,, PS, Precompensation | Output FDD Write precompensation status 
(pre-shift) during MFM mode. Determines 
early, late, and normal times. 

33 FLT/TR, Fault/Track 0 FD Senses FDD fault condition, in 
Read/Write mode; and Track 0 
condition in Seek mode. 

34 WP/TS Write Protect/ F Senses Write Protect status in 

Two-Side Read/Write mode; and Two Side 
Media in Seek mode. 
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DESCRIPTION OF PIN FUNCTIONS 





PIN 


| NO. | SYMBOL |  =NAME | __ OUTPUT TO FUNCTION 
35 RDY Ready “e FDD Indicates FDD is ready to send or 
receive data. 


36 HDL Head Load Command which causes read/ 

write head in FDD to contact 

. diskette. 

FR/STP Fit Reset/Stop Resets fault F.F. in FDD in Read/ 
Read or Write command prior to 

the occurrence of the Head Load 


Write mode, contains stop pulses 
38 LCT/DIR Low Current/ FDD 
Direction 
signal. 
becca 
ars 

































determines direction head will stop 
in Seek mode. A fault. reset pulse is 
issued at the beginning of each 





to move head to another cylinder in 
Seek mode. 
RW/SEEK Read Write/SEEK FDD When “1” (high) Seek mode 
selected and when “0” (low) Read/ 


Lowers Write current on inner 
Write mode selected. _.. 
Note: © Disabled when CS = 1. 


tracks in Read/Write mode, 
Pp ™t™~—“~i Powers Cd 








DESCRIPTION OF INTERNAL REGISTERS ciliate the transfer of data between the processor and 


The FDC765A/7265 contains two registers which may be _Therelationship between the Status/Data registers and the 
accessed by the main system processor; a Status Register signals RD, WR, and A, is shown below. 


and a Data Register. The 8-bit Main Status Register con- WA]. FUNCTION._~«Y| 
tains the status information of the FDC, and may be | A, | RD | WR ; EUNETION 

accessed at any time. The 8-bit Data Register (actually | o | o | 1 | ReadMainStatus Register 
consists of several registers in astack with only one register fo [1 olfttegt Cs 
presented to the data bus ata time), which stores data, | 0 | 0 | O | Ileal  ©— | 
a 


commands, parameters, and FDD status information. Data Tileglls—<“—sSOSOSSCisdS 
bytes are read out of, or written into, the Data Register in + 10 [1] Read from Data Register 
| 1 | 1 | 0 | WriteintoDataRegister 


order to program or obtain the results after a particular com- 
mand. The Status Register may only be read and used to 
The bits in the Main Status Register are defined as follows: 
BITNUMBER |  =NAME  —_—|__—‘SYMBOL DESCRIPTION 
DB, FDD 0 Busy D FDD number 0 is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 
FDD 1 Busy FDD number 1 is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 
FDD 2 Busy D FDD number 2 is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 
FDD 3 Busy D FDD number 3 is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 
DB, FDC Busy Cc A read or write command is in process. FDC will not accept 
any other command. 


2 
DB, Execution Mode EXM This bit is set only during execution phase in non-DMA mode. 
7 When DB, goes low, execution phase has ended, and result 
phase was started. It operates only during NON-DMA mode 
of operation. 


Indicates direction of data transfer between FDC and Data 
Register. If DIO = “1” then transfer is from Data Register to 
the Processor. If DIO = “0”, then transfer is from the 


Processor to Data Register.’ 


Indicates Data Register is ready to send or receive data to or 
from the Processor. Both bits DIO and RQM should be used 
to perform the hand-shaking functions of “ready” and 
“direction” to the processor. 


The DIO and RQM bits in the Status Register indicate when Data is ready and in which direction data will be transferred on the Data 
Bus. The max time between the last RD or \VR during command or result phase and DIO and RQM getting set or resetis 12 ws. For 
this reason every time Main Status Register 3 read the CPU should wait 12 s. The max time from the trailing edge of the last RD in 
the result phase to when DB, (FDC Busy) goes low is 12 ps. ; 






















B 
B 
B 
B 



















DB, Data Input/Output 











Request for Master 
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COMMAND SEQUENCE 


Guihoe eid tia roles The FDC is capable of performing 15 different commands. 
Each command is initiated by a multi-byte transfer from the 
ar processor, and the result after execution of the command 
ly may also be a multi-byte transfer back to the processor. 
| Because of this multi-byte interchange of information 
between the FDC and the processor, it is convenient to con- 
sider each command as consisting of three phases: 


oor Out Processor and Into FDC 
: Ready 
RequestforMaster | 
(ROM) | 
| 


\ 
| 
I 
\ 
| 
\ 
f] 
\ 


' f 
foo od 
\ a 
\ fens thee, 





1 | 
\ {| 
Sa ni Ge SR ele | UW cs oat Geer ‘ane Command Phase: The FDC receives all information 
oe ea ee ier OR sr a oe required to perform a particular 
[ate a fefatc] ofc [ojala | operation from the processor. 
Notes: [A] —Data register ready to be written into by processor Execution Phase: The FDC performs the operation 
—Data register not ready to be written into by processor it was instructed to do. 
—Data register ready for next data byte to be read by the processor Result Phase: After completion of the operation, 
[D] —Data register not ready for next data byte to be read by processor : status and other housekeeping 
information are made available to 
the processor. 


COMMAND SYMBOL DESCRIPTION 
| SYMBOL | NAME | CESCRIPTION, 


Address Line 0 A, controls selection of Main Status Register (A, = 0) or Data Register 
(Ao = 1). 


Cylinder Number C stands for the current/selected Cylinder (track) number 0 through 76 of 
the medium. 





































| Data =~——~—~—_| Dstands for the data pattern which is going to be written into a Sector. 


D,-D, Data Bus 8-bit Data Bus, where D, stands for a most significant bit, and D, stands fora 


least significant bit. 


Data Length When N is defined as 00, DTL stands for the data length which users are 
going to read out or write into the Sector. 

End of Track EOT stands for the final Sector number on a Cylinder. During Read or Write 
operation FDC will stop date transfer after a sector # equal to EOT. 

Gap Length GPL stands for the length of Gap 3. During Read/Write commands this value 
determines the number of bytes that VCOs will stay low after two CRC bytes. 

Head Address H stands for head number 0 or 1, as specified in !D field. 


ee During Format command it determines the size of Gap 3. 
Head HD stands for a selected head number 0 or 1 and controls the polarity of pin 
27.(H = HD in all command words. 









Head Load Time HLT stands for the head load time in the FDD (2 to 254 ms in 2 ms 
increments). 

Head Unload Time HUT stands for the head unload time after a read or write operation has 
occurred (16 to 240 ms in 16 ms increments). 


FM or MFM Mode If MF is low, FM mode is selected, and if itis high, MFM mode is selected. 





If MT is high, a multi-track operation is to be performed. If MT = 1 after 
finishing Read/Write operation on side 0 FDC will automatically start 


Multi- Track 


N stands for the number of data bytes written in a Sector. 


searching for sector 1 on side 1. 


Ao 
Cc 
ee 

DTL 

EOT 

GPL 

H 

HD 

HLT 

HUT 

MF 

MT 

N 

NCN New Cylinder Number NCN stands for a new Cylinder number, which is going tobe reached as a 

result of the Seek operation. Desired position of Head. 

| ND _| Non-DMA Mode ND stands for operation in the Non-DMA Mode. 

PCN Present Cylinder PCN stands for the Cylinder number at the completion of SENSE 

Number INTERRUPT STATUS Command. Position of Head at present time. 

| R—~«&|s«sRecord =——~—s—SsSs RR stands for the Sector number, which will be read or written. 
Read/Write R/W stands for either Read (R) or Write (W) signal. 

SC 
















| SC. ——s*«<|{ Sector ==—=—S—~*~C~CSs«SCL:sSCSG indicates the number of Sectors peer Cyllinddeer. 
SK stands for Skip Deleted Data Address Mark. 
SRT Step Rate Time SRT stands for the Stepping Rate for the FDD. (1 to 16 ms in 1 ms 
increments.) Stepping Rate applies to all drives, (F = 1ms, E = 2ms, etc.). 
STO Status 0 ST 0-3 stand for one of four registers which store the status information after 
ST 1 Status 1 acommand has been executed. This information is available during the 
ST2 Status 2 result phase after command execution. These registers should not be 
ST3 Status 3 confused with the main status register (selected by A, = 0). ST 0-3 may be 





read only after a command has been executed and contain information 
relevant to that particular command. 


During a Scan operation, if STP = 1, the data in continguous sectors is 


ST 


compared byte by byte with data sent from the processor (or DMA); and if 
USO, US1 US stands for a selected drive number 0 or 1. 






P = 2, then alternate sectors are read and compared. 
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INSTRUCTION SET © © 


DATA BUS DATA BUS 
RW |] O7 Og Os Dg 03 02 14 Do RW] O7 De Os D4 03 D2 OD Do 





Command 


Execution 


Result 


Command 


Execution 


Result 


Command 


Execution 


Result 





Command 





Execution 


Result 





SSSteaz22 22 





DovUUUDUUDD 


SSzz2222 252 





SStsstszz se 





amvuvmaIIIDV 


SStStssesesee 





mupraADIIAD 



































READ DATA 





READ A TRACK 




























































































MT MF SK O O 1 Command Codes Command Ww Command Codes 
x x xX HD US1 USO Ww 
Cc Sector ID information prior Ww Sector ID information prior 
H to Command execution. The Ww to Command execution 
R 4 bytes are commanded against WwW 
N header on Floppy Disk, Ww 
EOT Ww 
GPL Ww 
OTL Ww 
Data-transfer between the Execution Data-transfer between the 
FOD and main-system FDD and main-system. FDC 
reads all data fields 












Status information after 


from index hole to EOT. 
Command execution 

















Result Status information after 


Command execution 





_ Sector ID information after 
Command execution st 2 
Sector ID information after 


Command execution 
R 


SON 





DOUUDIIIAD 








Command Codes 
: READ ID 


w ie) 1 0 1 0 Commands 
Ww x X HD UST USO 


Command 





Sector ID information prior 
to Command execution. The 

4 bytes are commanded against 
header on Floppy Disk. 






Execution The first correct 10 information 
on the Cylinder is stored in 


Data Register 


Status information after 


mmand execution 
Data-transfer between the Command fe) 


FDO and main-system 


ST2 


Sector ID information read 
during Execution Phase from 
So Floppy Disk 


N -———————__——__ 


Status information after 
Command execution 





DDUDUAIIDA 








Sector ID information after 
Command execution 


FORMAT A TRACK 


O MF O 0O 1 1 ie} 1 Command Codes 
X -% xX X XX HO US1 USO 


N 








Command 

































SS22 22 














































































































WRITE DATA Bytes/Sector 
sc Sectors/Track 
MT MF O O 0 - Command Codes GPL Gap 3 
x x KX ie} Filler Byte 
: Sector ID information prior Execution FDC formats an entire track 
R to Command execution. The ; 
4 bytes are commanded against Result sTo Status information after 
D header on Floppy Disk. $T1 Command execution 
a sT2 
Cc In this case, the [1D information 
H has no meaning 
Data-transfer between the . 
main-system and FOD 
SCAN EQUAL 
Status information after Commend MIME SK I oO ry ; Commisnd Codes 
Command execution 










x 


Sector 1D information after 
Command execution 










Sector ID information prior 
to Command execution 


SSSSSEESE SE 


Command Codes 







Execution 





Data-compared between the 
FOD and main-system 





Sector ID information prior 
to Command execution, The 

4 bytes are commanded against 
header on Floppy Disk. 
















Result 





Status information after 
Command execution 





Sector 1D information after 
Command execution 






Data-transfer between the 
FDD and main-system 


vnouUDIDMD 













Status information after 
Command execution 





Sector 1D information after 
Command execution 


Note: (1) Symbols used in this table are described at the end of this section. 


@ Ag should equal binary 1 for all operations. 


@ X = Don't care, usually made to equal binary 0. 
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DATA BUS 


INSTRUCTION SET (CONT.) 
F owase | am ES Dg Ds 04 _ 03 02 01 
SCAN LOW OR EQUAL 


MT MF SK 1 1 °#0 ie) 1 
x xX %® %X xX HD USI USO 


Command Codes 


Command execution 


SSSSS222 FE 


Data-compared between the 
FDD and main-system 


Status information after 
Command execution 


MT MF SK 1 1 1 0 1 Command Codes 


x x XxX X xX HD US1 USO 


Command 


Sector ID information prior 
Command execution 





SSsf222 22 


Data-compared between the Command 
FOD and main-system 
Status information after 
Command execution Result ——— —____—- 
{16) 
Sector ID information after 
Command execution 


FUNCTIONAL DESCRIPTION OF COMMANDS 
Read Data 


A set of nine (9) byte words are required to place the FDC 
into the Read Data Mode. After the Read Data command 
has been issued the FDC loads the head (if it is in the 
unloaded state), waits the specified head settling time 
(defined in the Specify Command), and begins reading ID 
Address Marks and ID fields. When the current sector num- 
ber (“R”) stored in the ID Register (IDR) compares with the 
sector number read off the diskette, then the FDC outputs 
data (from the data field) byte-to-byte to the main system 
via the data bus. 


After completion of the read operation from the current sec- 
tor, the Sector Number is incremented by one, and the data 


Multi-Track MFM/FM 
MT 


~O;- oO] Oo /+ | + O 


| 





-“©O 





Bytes/Sector 
MF N 
00 
01 
0 (128) (52) = 6,656 
(256) (52) = 13,312 recruit 
; 1 
2 


0 
0 
0 
0 
01 
02 
02 
03 
02 
03 


Table 1. Transfer Capacity 


DATA BUS 
Oo O7 Dg Ds Og 903 D2 Dy Do 


RECALIBRATE 


'Command ie) 0 Qo.6U€~*# i?) 1 1 1 Command Codes 
x -X X X xX @ USI USO 
Sector 1D information prior Execution Head retracted to Track 0 


SENSE INTERAUPT STATUS 


Command 0 0 6 0 1 0 te) ie] Command Codes 
Result _ STO Status information at the end 
a PON of seek-operation about the FOC 


SPECIFY 


Command 0 0 0 0 0 90 1 1 Command Codes 
—SRT —— pag. HUT — 
ALT ————————— ND 


SENSE ORIVE STATUS 


Sector ID information after | Command © 00001 0 0 Command Codes 
Command execution 
; x xX xX X XX HD USI USO 
Result OO ST 3 OS Status information about FDD 
o 0 0 0 1 1 1 1 


“ Command Codes 
xX HD US1 USO 


NCN 


x x xX X 


Execution Fonts 
Head is positioned over 


Proper Cylinder on 
Diskette 


INVALID 

Invalid Command Codes 
(NoOp — FDC goes into 
Standby State) : 


tnvalid Codes 


STO=80 


from the next sector is read and output on the data bus. This 
continuous read function is called a “Multi-Sector Read 
Operation.’ The Read Data Command may be terminated 
by the receipt of a Terminal Count signal. TC should be 
issued at the same time that the DACK for the last byte of 
data is sent. Upon receipt of this signal, the FDC stops out- 
putting data to the processor, but will continue to read data 
from the current sector, check CRC (Cyclic Redundancy 
Count) bytes, and then at the end of the sector terminate 
the Read Data Command. 


The amount of data which can be handled with a single 
command to the FDC depends upon MT (multi-track), MF 
(MFM/FM), and N (Number of Bytes/Sector). Table 1 below 
shows the Transfer Capacity. 


Final Sector 
Read 
from Diskette 


26 at Side 0 
or 26 at Side 1 


Maximum Transfer Capacity 
(Bytes/Sector) (Number of 
Sectors) 


(128) (26) 
(256) (26) 


3,328 
6,656 


= 15 at Side O 
512) (15) = 7,680 or 15 at Side 1 
(256) (30) = 7,680 
(512) (30) = 15,360 15 at Side 1 
(512) (8) = 4,096 8 at Side 0 
1024) (8) 8,192 or 8 at Side 1 
8 at Side 1 


( 
(512) (16) = 8,192 
(1024) (16) = 16,384 


(256) (15) = 3,840 
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The “multi-track” function (MT) allows the FDC to read data 
from both sides of the diskette. For a particular cylinder, data 
will be transferred starting at Sector 1, Side 0 and complet- 
ing at Sector L, Side 1 (Sector L = last sector on the side). 
Note, this function pertains to only one cylinder (the same 
track) on each side of the diskette. 


When N = 0, the DTL defines the data length which the 
FDC must treat as a sector. If DTLis smaller than the actual 
data length in a Sector, the data beyond DTL in the Sector, 
is not sent to the Data Bus. The FDC reads (internally) the 
complete Sector performing the CRC check, and depend- 
ing upon the manner of command termination, may per- 
form a Multi-Sector Read Operation. When N is non-zero, 
then DTL has no meaning and should be set to FF 
Hexidecimal. . 


At the completion of the Read Data command, the head is 
not unloaded until after Head Unload Time Interval (speci- 
fied in the Specify Command) has elapsed. If the processor 
issues another command before the head unloads then the 
head settling time may be saved between subsequent 
reads. This time out is particularly valuable when a diskette 
is copied from one drive to another. 


If the FDC detects the Index Hole twice without finding the 
right sector, (indicated in ‘‘R”), then the FDC sets the ND 
(No Data) flag in Status Register 1 to a 1 (high), and termi- 
nates the Read Data Command. (Status Register 0 also has 
bits 7 and 6 set to 0 and 1 respectively.). 


After reading the ID and Data Fields in each sector, the FDC 
checks the CRC bytes. If a read error is detected (incorrect 
CRC in ID field), the FDC sets the DE (Data Error) flag in 
Status Register 1 to a 1 (high), and ifa CRC error occurs in 
the Data Field the FDC also sets the DD (Data Error in Data 
Field) flag in Status Register 2 to a 1 (high), and terminates 
the Read Data Command. (Status Register 0 also has bits 
7 and 6 set to 0 and 1 respectively.) 


If the FDC reads a Deleted Data Address Mark off the dis- 
kette, and the SK bit (bit D5 in the first Command Word) is 
not set (SK = 0), then the FDC sets the CM (Control! Mark) 
flag in Status Register 2 to a 1 (high), and terminates the 
Read Data Command, after reading all the data in the Sec- 
tor. If SK = 1, the FDC skips the sector with the Deleted 
Data Address Mark and reads the next sector. The CRC bits 
in the deleted data field are not checked when SK = 1. 


During disk data transfers between the FDC and the pro- 
cessor, via the data bus, the FDC must be serviced by the 
processor every 27 ys in the FM Mode, and every 13 xs in 
the MFM Mode, or the FDC sets the OR (Over Run) flag in 
Status Register 1 to a 1 (high), and terminates the Read 
Data Command. 


If the processor terminates a read (or write) operation in the 
FDC, then the ID Information in the Result Phase is 
dependent upon the state of the MT bit and EOT byte. Table 
2 shows the value for C, H, R, and N, when the processor 
terminates the Command. 











Final Sector ID Information at Result 
Transferred to Phase 
MT Processor | C | H | R | N | 


| 0 | LessthanEOT | NC_| NC |R+14{ NC | 
| 0 | EqualtoEOT |C +1] NC [R= 01] NC | 
| 1 | EqualtoEOT |C+1| NC |R=01| NC | 
| 0 | LessthaneoT | Nc [| NC [R+14] NC | 
| 0 | EqualtoEOT | NC | LSB [R= 01] NC | 
| 1 | LessthaneoT | NC_| NC _|R+1| NC | 
| 1 | EqualtoEoT [c+ 1] LsB |R= 071] NC | 


Notes: 1. NC (No Change): The same value as the one at the 
beginning of command execution. 
2. LSB (Least Significant Bit): The least significant bit of 
H is complemented. 








Write Data 


A set of nine (9) bytes are required to set the FDC into the 
Write Data mode. After the Write Data command has been 
issued the FDC loads the head (if it is in the unloaded state), 
waits the specified Head Settling Time (defined in the 
Specify Command), and begins reading ID Fields. When all 
four bytes loaded during the command (C, H, R, N) match 
the four bytes of the ID field from the diskette, the FDC takes 
data from the processor byte-by-byte via the data bus, and 
outputs it to the FDD. 


After writing data into the current sector, the Sector Number 
stored in “R” is incremented by one, and the next data field 
is written into. The FDC continues this “Multi-Sector Write 
Operation” until the issuance of a Terminal Count signal. If 
a Terminal Count signal is sent to the FDC it continues writ- 
ing into the current sector to complete the data field. If the 
Terminal Count signal is received while a data field is being 
are) then the remainder of the data field is filled with 00 
zeros). 


The FDC reads the ID field of each sector and checks the 
CRC bytes. If the FDC detects a read error (incorrect CRC) 
in one of the !D Fields, it sets the DE (Data Error) flag of 
Status Register 1 to a 1 (high), and terminates the Write Data 
Command. (Status Register 0 also has bits 7 and 6 set to0 
and 1 respectively.) 

The Write Command operates in much the same manner 
as the Read Command. The following items are the same, 
and one should refer to the Read Data Command for details: 
e Transfer Capacity 

e EN (End of Cylinder) Flag 


e ND (No Data) Flag 

e Head Unload Time Interval 

e ID Information when the processor terminates command 
(see Table 2) 

© Definition of DTL when N = O and whenN # 0 


In the Write Data mode, data transfers between the proces- 
sor and FDC, via the Data Bus, must occur every 27 ys in 
the FM mode, and every 13 ys in the MFM mode. If the time 
interval between data transfers is longer than this then the 
FDC sets the OR (Over Run) flag in Status Register 1 toa 
1 (high), and terminates the Write Data Command. (Status 
Register 0 also has bit 7 and 6 set to 0 and 1 respectively.) 


Write Deleted Data 
This command is the same as the Write Data Command 
except a Deleted Data Address Mark is written at the begin- 


ning of the Data Field instead of the normal Data Address 
Mark. 


Read Deleted Data 

This command is the same as the Read Data Command 
except that when the FDC detects a Data Address Mark at 
the beginning of a Data Field and SK = 0 (low), it will read 
all the data in the sector and set the CM flag in Status Reg- 
ister 2 to a1 (high), and then terminate the command. If SK 
= 1, then the FDC skips the sector with the Data Address 
Mark and reads the next sector. 


Read A Track 


This command is similar to READ DATA Command except 
that this is a continuous READ operation where the entire 
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Format Sector Size N SC GPL®O GPL@® 


8” Standard Floppy 


128 bytes/sector 


Mode® 2048 


3Ve" Sony Micro Floppydisk® 


128 bytes/sector O OF 07 1B 


2A 
3A 


FM Mode 256 1 09 OE 
512 2 05 1B 
256 1. OF OE 36 
MO ie tee 209 1B. 54 
1024 3 05 35 74 
Table 3 
Notes: © Suggested values of GPL in Read or Write com- 
mands to avoid splice point between data field and 
ID field of contiguous sections. 
@® Suggested values of GPL in format command. 
@ All values except sector size and hexidecimal. 
@® \n MFM mode FDC cannot perform a Read/Write/ 
format operation with 128 bytes/sector. (N = 00) 


data field from each of the sectors are read. Immediately 
after encountering the INDEX HOLE, the FDC starts read- 
ing all data fields on the track, as continuous blocks of data. 
If the FDC finds an error in the ID or DATA CRC check bytes, 
it continues to read data from the track. The FDC compares 
the ID information read from each sector with the value 
stored in the IDR, and sets the ND flag of Status Register 1 
to a 1 (high) if there is no comparison. Multi-track or skip 
operations are not allowed with this command. 





This command terminates when number of sectors read is 
equal to EOT. If the FDC does not find an ID Address Mark 
on the diskette after it encounters the INDEX HOLE for the 
second time, then it sets the MA (missing address mark) 
flag in Status register 1 to a 1 (high), and terminates the 
command. (Status Register 0 has bits 7 and 6 set io 0 and 
1 respectively.) 


Read ID 

The READ ID Command is used to give the present posi- 
tion of the recording head. The FDC stores the values from 
the first ID field it is able to read. If no proper ID Address 
Mark is found on the diskette, before the INDEX HOLE is 
encountered for the second time then the MA (Missing 
Address Mark) flag in Status Register 1 is set to a 1 (high), 
and if no data is found then the ND (No Data) flag is also set 
in Status Register 1 to a 1 (high). The command is then 
terminated with Bits 7 and 6 in Status Register 0 set to 0 
and 1 respectively. During this command there is no data 
transfer between FDC and the CPU except during the 
result phase. 


Format A Track 

The Format Command allows an entire track to be format- 
ted. After the INDEX HOLE is detected, Data is written on 
the Diskette; Gaps, Address Marks, ID Fields and Data 
Fields, all per the IBM System 34 (Double Density) or Sys- 
tem 3740 (Single Density) Format are recorded. The par- 
ticular format which will be written is controlled by the values 
programmed into N (number of bytes/sector), SC (sectors/ 
cylinder), GPL (Gap Length), and D (Data Pattern) which 
are supplied by the processor during the Command Phase. 
The Data Field is filled with the Byte of data stored in D. The 
ID Field for each sector is supplied by the processor; that 
is, four data requests per sector are made by the FDC for 
C (Cylinder Number), H (Head Number), R (Sector Num- 
ber) and N (Number of Bytes/Sector). This allows the dis- 
ete to at formatted with nonsequential sector numbers, 
if desired. 


The processor must send new values for C, H, R, and N to 
the FDC for each sector on the track. If FDC is set for DMA 
mode, it will issue 4 DMA requests per sector. If it is set for 
interrupt mode, it will issue four interrupts per sector and 
the processor must supply C, H, R and N load for each sec- 
tor. The contents of the R register is incremented by one 
after each sector is formatted, thus, the R register contains 
a value of R when it is read during the Result Phase. This 
incrementing and formatting continues for the whole track 
until the FDC encounters the INDEX HOLE for the second 
time, whereupon it terminates the command. 


If a FAULT signal is received from the FDD at the end of a 
write operation, then the FDC sets the EC flag of Status 
Register 0 to a 1 (high), and terminates the command after 
setting bits 7 and 6 of Status Register 0 to 0 and 1 respec- 
tively. Also the loss of a READY signal at the beginning of 
acommand execution phase causes bits 7 and 6 of Status 
Register 0 to be set to 0 and 1 respectively. 


Table 3 shows the relationship between N, SC, and GPL for 
various sector sizes: 


Scan Commands 

The SCAN Commands allow data which is being read from 
the diskette to be compared against data which is being 
supplied from the main system. The FDC compares the data 
on abyte-by-byte basis, and looks for a sector of data which 
meets the conditions of Depp = Derocessor: Drop = Deroces- 
son: OF Depp = Derocessorn. |he hexidecimal byte of FF either 
from memory or from FDD can be used as a mask byte 
because it always meet the condition of the compare. Ones 


complement arithmetic is used for comparison (FF = larg- 
est number, 00 = smallest number). After a whole sector 
of data is compared, if the conditions are not met, the sector 
number is incremental (R + STP — R), and the scan oper- 
ation is continued. The scan operation continues until one 
of the following conditions occur; the conditions for scan are 
met (equal, low, or high), the last sector on the track is 
reached (EOT), or the terminal count signal is received. 
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If the conditions for scan are met then the FDC sets the SH 
(Scan Hit) flag Status Register 2 to a 1 (high), and termi- 
nates the Scan Command. If the conditions for scan are not 
met between the starting sector (as specified by R) and the 
last sector on the cylinder (EOT), then the FDC sets the SN 
(Scan Not Satisfied) flag of Status Register 2 to a 1 (high), 
and terminates the Scan Command. The receipt of a TER- 
MINAL COUNT signal from the Processor or DMA Con- 
troller during the scan operation will cause the FDC to 
complete the comparison of the particular byte which is in 
process, and then to terminate the command. Table 4 shows 
oe ane of bits SH and SN under various conditions of 


STATUS REGISTER 2 
COMMAND [pit2 = SN|6IT3 = SH 


Scan Equal 


COMMENTS 


Drop = a Derocessor 
FDD PROCESSOR 


1 

0 

1 Devo = Derocesson 
0 Droo < Derocessor 
0 Deoo > Derocesson 
1 Drop = Derocessor 
0 Drop > Dprocessor 
0 Deoo < Derocessor 


Table 4 


Ifthe FDC encounters a Deleted Data Address Mark on one 
of the sectors (and SK = 0), then it regards the sector as 
the last sector on the cylinder, sets CM (Control Mark) flag 
of Status Register 2 to a 1 (high) and terminates the com- 
mand. If SK = 1, the FDC skips the sector with the Deleted 
Address Mark, and reads the next sector. In the second case 
(SK = 1), the FDC sets the CM (Control Mark) flag of Sta- 
tus Register 2 to a 1 (high) in order to show that a Deleted 
Sector had been encountered. 


When either the STP (contiguous sectors = 01, or alter- 
nate sectors = 02 sectors are read) or the MT (Multi-Track) 
are programmed, it is necessary to remember that the last 
sector on the track must be read. For example, if STP = 02, 
MT = 0, the sectors are numbered sequentially 1 through 
26, and we start the Scan Command at sector 21; the fol- 
lowing will happen. Sectors 21, 23 and 25 will be read, then 
the next sector (26) will be skipped and the Index Hole will 
be encountered before the EOT value of 26 can be read. 
This will result in an abnormal termination of the command. 
If the EOT has been set at 25 or the scanning started at 
sector 20, then the Scan Command would be completed in 
a normal manner. 


During the Scan Command data is supplied by either the 
processor or DMA Controller for comparison against the 
data read from the diskette. In order to avoid having the OR 
(Over Run) flag set in Status Register 1, it is necessary to 
have the data available in less than 27 js (FM Mode) or 13 
ws (MFM Mode). If an Overrun occurs the FDC ends the 
command with bits 7 and 6 of Status Register 0 set to0 and 
1, respectively. 


Seek 


The read/write head within the FDD is moved from cylinder 
to cylinder under control of the Seek Command. FDC has 
four independent Present Cylinder Registers for each drive. 
They are clear only after Recalibrate command. The FDC 
compares the PCN (Present Cylinder Number) which is the 
current head position with the NCN (New Cylinder Num- 
ber), and if there is a difference performs the following 
Operation: 
PCN < NCN: Direction signal to FDD set to a 1 (high), 
and Step Pulses are issued. (Step In.) 
PCN > NCN: Direction signal to FDD set to a0 (low), and 
Step Pulses are issued. (Step Out.) 


Scan Low or 
qua 


0 
1 
0 
0 
Equal 1 


Scan High or 
Equal 





ee) 





The rate at which Step Pulses are issued is controlled by 
SRT (Stepping Rate Time) in the SPECIFY Command. After 
each Step Pulse is issued NCN is compared against PCN, 
and when NCN = PCN, then the SE (Seek End) flag is set 
in Status Register 0 to a 1 (high), and the command is ter- 
minated. At this point FDC interrupt goes high. Bits DB,- 
DB, in Main Status Register are set during seek operation 
and are cleared by Sense Interrupt Status command. 


During the Command Phase of the Seek operation the FDC 
is in the FDC BUSY state, but during the Execution Phase 
it is in the NON BUSY state. While the FDC is in the NON 
BUSY state, another Seek Command may be issued, and 
in this manner parallel seek operations may be done on 
up to 4 Drives at once. No other command could be issued 
for as long as FDC is in process of sending Step Pulses to 
any drive. 


If an FDD is ina NOT READY state at the beginning of the 
command execution phase or during the seek operation, 
then the NR (NOT READY) flag is set in Status Register 0 
to a 1 (high), and the command is terminated after bits 7 
and 6 of Status Register 0 are set to 0 and 1 respectively. 


If the time to write 3 bytes of seek command exceeds 150 
S, the timing between first two Step Pulses may be shorter 
than set in the Specify command by as much as 1 ms. 


Recalibrate 

The function of this command is to retract the read/write 
head within the FDD to the Track 0 position. The FDC clears 
the contents of the PCN counter, and checks the status of 
the Track 0 signal from the FDD. As long as the Track 0 sig- 
nal is low, the Direction signal remains 0 (low) and Step 
Pulses are issued. When the Track 0 signal goes high, the 
SE (SEEK END) flag in Status Register 0 is set to a 1 (high) 
and the command is terminated. If the Track 0 signal is still 
low after 77 Step Pulses have been issued, the FDC sets 
the SE (SEEK END) and EC (EQUIPMENT CHECK) flags 
of Status Register 0 to both 1s (highs), and terminates the 
command after bits 7 and 6 of Status Register 0 is set to 0 
and 1 respectively. 


The ability to do overlap RECALIBRATE Commands to 
multiple FDDs and the loss of the READY signal, as 
described in the Seek Command, also applies to the 
RECALIBRATE Command. 


Sense Interrupt Status 
An Interrupt signal is generated by the FDC for one of the 
following reasons: 
1. Upon entering the Result Phase of: 
Read Data Command 
Read a Track Command 
Read ID Command 
Read Deleted Data Command 
Write Data Command 
Format a Cylinder Command 
. Write Deleted Data Command 
. Scan Commands 
2. Ready Line of FDD changes state 
3. End of Seek or Recalibrate Command 
4. During Execution Phase in the NON-DMA Mode 


Interrupts caused by reasons 1 and 4 above occur during 
normal command operations and are easily discernible by 
the processor. During an execution phase in NON-DMA 
Mode, DBS in Main Status Register is high. Upon entering 
Result Phase this bit gets clear. Reason 1 and 4 does not 
require Sense Interrupt Status command. The interrupt is 
cleared by reading/writing data to FDC. Interrupts caused 
by reasons 2 and 3 above may be uniquely identified with 
the aid of the Sense Interrupt Status Command. This com- 


sa-oaooD 
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mand when issued resets the interrupt signal and via bits 
5, 6, and 7 of Status Register 0 identifies the cause of the 
interrupt. 


INTERRUPT 
ea CODE 
BITS5 | BIT6 BIT7 CAUSE 
1 1 Ready Line changed state, either 
polarity 
1 Normal Termination of Seek or 
Recalibrate Command 
1 Abnormal Termination of Seek or 
Recalibrate Command 


Table 5 






Neither the Seek or Recalibrate Command have a Result 
Phase. Therefore, it is mandatory to use the Sense Inter- 
rupt Status Command after these commands to effectively 
terminate them and to provide verification of where the head 
is positioned (PCN). 

Issuing Sense Interrupt Status Command without interrupt 
pending is treated as an invalid command. 


Specify 

The Specify Command sets the initial values for each of the 
three internal timers. The HUT (Head Unload Time) defines 
the time from the end of the Execution Phase of one of the 
Read/Write Commands to the head unload state. This timer 
is programmable from 16 to 240 ms in increments of 16 ms 
(01 = 16 ms, 02= 32ms...OF = 240 ms). The SRT (Step 
Rate Time) defines the time interval between adjacent step 
pulses. This timer is programmable from 1 to 16 ms inincre- 
ments of 1 ms (F = 1 ms, E = 2ms, D = 3ms, etc.). The 
HLT (Head Load Time) defines the time between when the 
Head Load signal goes high and when the Read/Write 
operation starts. This timer is programmable from 2 to 254 





STATUS REGISTER IDENTIFICATION 


| NO. [NAME —s|_——sSYMBOL DESCRIPTION 
D 


D, = OandD, = 0 
Norma! Termination of Command, (NT). Command was completed 
and properly executed. 


Interrupt Code IC 


ms in increments of 2 ms (01 = 2ms, 02 = 4ms, 03 = 6 
ms...7F = 254 ms). 


The time intervals mentioned above are a direct function of 
the clock (CLK on pin 19). Times indicated above are for an 
8 MHz clock, if the clock was reduced to 4 MHz (mini-floppy 
apples then all time intervals are increased by a factor 
of 2. 


The choice of DMA or NON-DMA operation is made by the 
ND (NON-DMA) bit. When this bit is high (ND = 1) the NON- 
DMA mode is selected, and when ND = 0 the DMA mode 
is selected. 


Sense Drive Status 

This command may be used by the processor whenever it 
wishes to obtain the status of the FDDs. Status Register 3 
contains the Drive Status information stored internally in 
FDC registers. 


Invalid 


If an invalid command is sent to the FDC (a command not 
defined above), then the FDC will terminate the command 
after bits 7 and 6 of Status Register 0 are set to 1 and 0 
respectively. No interrupt is generated by the FDC 765A 
during this condition. Bit 6 and bit 7 (DIO and RQM) in the 
Main Status Register are both high (‘1’) indicating to the 
processor that the FDC is in the Result Phase and the con- 
tents of Status Register 0 (STO) must be read. When the 
processor reads Status Register 0 it will find an 80 hex indi- 
cating an invalid command was received. 


A Sense Interrupt Status Command must be sent after a 
Seek or Recalibrate Interrupt, otherwise the FDC will con- 
sider the next command to be an Invalid Command. 


In some applications the user may wish to use this com- 
mand as a No-Op commana, to place the FDC in a standby 
or no operation state. 








D; Seek End SE 
D, Equipment Check EC 
D, Not Ready NR 
D 


D Head Address 
Unit Select 1 





= 
oO 





D, = OandD, = 1 

Abnormal Termination of Command, (AT). 

Execution of Command was started, but was not successfully 
completed. 

D, = 1andD, = 0 

Invalid Command issue, (IC). Command which was issued was 
never started. 

D, = 1 andD, = 1 

Abnormal Termination because during command execution the 
ready signal from FDD changed state. 

When the FDC completes the SEEK Command, this flag is set to 

1 (high). 

If a fault Signal is received from the FDD, or if the Track 0 Signal _ 
fails to occur after 77 Step Pulses (Recalibrate Command) then this 
flag is set. 

When the FDD is in the not-ready state and a read or write 
command is issued, this flag is set. If a read or write command is 
issued to Side 1 of a single sided drive, then this flag is set. 


This flag is used to indicate the state of the head at Interrupt. 





: | f indicate a Drive Unit. Number at Interrupt. 
D, Unit Select 0 These flags are used to indicate a Drive Unit. Nu p 
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| = NAME —__|__s‘ SYMBOL DESCRIPTION 


STATUS REGISTER 1(CONT.) 


End of Cylinder EN When the FDC tries to access a Sector beyond the final Sector of a 
Cylinder, this flag is set. 


po Noted. This bit is always 0 (low). 


Data Errror When the FDC detects a CRC error in either the ID field or the data 
field, this flag is set. 

Over Run \f the FDC is not serviced by the main-systems during data 
transfers, within a certain time interval, this flag is set. 


|__| _Notused. This bit always 0 (low). 


a a ae 

No Data ND During execution of READ DATA, WRITE DELETED DATA or 
SCAN Command, if the FDC cannot find the Sector specified in the 
IDR Register, this flag is set. 

During executing the READ ID Command, if the FDC cannot read 
the ID field without an error, then this flag is set. 

During the execution of the READ A Cylinder Command, if the 
starting sector cannot be found, then this flag is set. 

Not Writable NW During execution of WRITE DATA, WRITE DELETED DATA or 
Format A Cylinder Command, if the FDC detects a write protect 
signal from the FDD, then this flag is set. 

A 


Missing Address Mark M If the FDC cannot detect the ID Address Mark after encountering 
the index hole twice, then this flag is set. 


If the FDC cannot detect the Data Address Mark or Deleted Data 
Address Mark, this flag is set. Also at the same time, the MD 
(Missing Address Mark in Data Field) of Status Register 2 is set. 
STATUS REGISTER 2 

Not used. This bit is always 0 (low). 

M During executing the READ DATA or SCAN Command, if the FDC 
encounters a sector which contains a Deleted Data Address Mark, 
this flag is set. 

If the FDC detects a CRC error in the data field then this flag is set. 
This bit is related with the ND bit, and when the contents of C on the 
medium is different from that stored in the IDR, this flag is set. - 
During execution, the SCAN Command, if the condition of “equal” 
is satisfied, this flag is set. 

During executing the SCAN Command, if the FDC cannot find a 


Sector on the cylinder which meets the condition, then this flag 
is set. 


SN 

BC This bit is related with the ND bit, and when the content of C on the 
medium is different from that stored in the IDR and the content of C 
is FF, then this flag is set. 


Scan Not Satisfied 
When data is read from the medium, if the FDC cannot find a Data 


Bad Cylinder 

Missing Address Mark 

in Data Field Address Mark or Deleted Data Address Mark, then this flag is set. 
STATUS REGISTER 3 
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oO 





Control Mark 


Oo 


Data Error in Data Field 


4 Wrong Cylinder 








i¢p) 
— 


oO 


D, Scan Equal Hit 













D, Fault FT This bit is used to indicate the status of the Fault signal from 
the FDD. 
Write Protected WP This bit is used to indicate the status of the Write Protected signal 
from the FDD. 
Ready RY This bit is used to indicate the status of the Ready signal from 
the FDD. 
Track 0 TO This bit is used to indicate the status of the Track 0 signal from 
the FDD. 
He used to indicate the status of the Two Side signal from 
the FDD. 
D, Head Address HD This bit is used to indicate the status of Side Select signal 
to the FDD. 
Unit Select 1 US 1 This bit is used to indicate the status of the Unit Select 1 signal 
to the FDD. 
Unit Select 0 US 0 This bit is used to indicate the status of the Unit Select 0 signal 
to the FDD. 
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PROCESSOR INTERFACE 

During Command or Result Phases the Main Status Reg- 
ister (described earlier) must be read by the processor 
before each byte of information is written into or read from 
the Data Register. After each byte of data read or written to 
Data Register, CPU should wait for 12 ws before reading 
MSR. Bits D6 and D7 in the Main Status Register must be 
inaOand 1 state, respectively, before each byte of the com- 
mand word may be written in the FDC. Many of the com- 
mands require multiple bytes, and as a result the Main Status 
Register must be read prior to each byte transfer to the FDC. 
On the other hand, during the Result Phase, D6 and D7 in 
the Main Status Register must both be 1’s (D6 = 1 and D7 
= 1) before reading each byte from the Data Register. Note, 
this reading of the Main Status Register before each byte 
transfer to the FDC is required in only the Command and 
Result Phases, and NOT during the Execution Phase. 


During the Execution Phase, the Main Status Register need 
not be read. If the FDC is in the NON-DMA Mode, then the 
receipt of each data byte (if FDC is reading data from FDD) 
is indicated by an Interrupt signal on pin 18 (INT = 1). The 
generation of a Read signal (RD = 0) or Write signal (WR 
= 0) will reset the Interrupt as well as output the Data onto 
the Data bus. If the processor cannot handle Interrupts fast 
enough (every 13 1s) for MFM and 27 ys for FM mode, then 
it may poll the Main Status Register and then bit D7 (RQM) 
functions just like the Interrupt signal. If a Write Command 
is in process then the WR signal performs the reset to the 
Interrupt signal. 


If the FDC is in the DMA Mode, no Interrupts are generated 
during the Execution Phase. The FDC generates DRQ’s 
(DMA Requests) when each byte of data is available. The 
DMA Controller responds to this request with both a DACK 
= 0 (DMA Acknowledge) and a RD = 0 (Read signal). 
When the DMA Acknowledge signal goes low (DACK = 0 
then the DMA Request is reset (DRQ_= 0). If a Write Com- 
mand has been programmed then a WR signal will appear 
instead of RD. After the Execution Phase has been com- 
pleted (Terminal Count has occurred) or EOT sector was 
read/written, then an Interrupt will occur (INT = 1). This sig- 
nifies the beginning of the Result Phase. When the first byte 
of data is read during the Result Phase, the Interrupt is 
automatically reset (INT = 0). 





AC TEST CONDITION 


INPUT/OUTPUT 


2.4V 
2.0V 


TEST POINT 


0.8V 


AC TESTING 


It is important to note that during the Result Phase all bytes 
shown in the Command Table must be read. The Read Data 
Command, for example has seven bytes of data in the Result 
Phase. All seven bytes must be read in order to success- 
fully complete the Read Data Command. The FDC will not 
accept a new command until all seven bytes have been read. 
Other commands may require fewer bytes to be read during 
the Result Phase. 


The FDC contains five Status Registers. The Main Status 
Register mentioned above may be read by the processor at 
any time. The other four Status Registers (STO, ST1, ST2, 
and ST3) are only available during the Result Phase, and 
may be read only after completing a command. The partic- 
ular command which has been executed determines how 
many of the Status Registers will be read. 


The bytes of data which are sent to the FDC to form the 
Command Phase, and are read out of the FDC in the Result 
Phase, must occur in the order shown in the Command 
Table. That is, the Command Code must be sent first and 
the other bytes sent in the prescribed sequence. No fore- 
shortening of the Command or Result Phases are allowed. 
After the last byte of data in the Command Phase is sent to 
the FDC, the Execution Phase automatically starts. In a 
similar fashion, when the last byte of data is read out in the 
Result Phase, the command is automatically ended and the 
FDC is ready for anew command. 


POLLING FEATURE OF THE FDC765A/7265 


After the Specify command has been sent to the FDC, the 
Unit Select line USO and US1 will automatically go into a 
polling mode. In between commands (and between step 
pulses in the SEEK command) the FDC polls all four FDD’s 
looking for a change in the Ready line from any of the drives. 
If the Ready line changes state (usually due to a door open- 
ing or closing) then the FDC will generate an interrupt. When 
Status Register 0 (STO) is read (after Sense Interrupt Sta- 
tus is issued), Not Ready (NR) will be indicated. The polling 
of the Ready line by the FDC occurs continuously between 
commands, thus notifying the processor which drives are 
on or off line. Each drive is polled every 1.024 ms except 
during the Read/Write commands. 


2.4V 
TEST POINT 


0.65V 


Inputs are driven at 2.4V for a logic “1” and 0.45V for a logic “0.” Timing measure- 
ments are made at 2.0V for a logic “1” and 0.8V for a logic “0.” 


Clocks are driven at 3.0V for a logic "1" and 0.3V for a logic “O." Timing measure- 
ments are made at 2.4V for a logic “1” and 0.65V for a logic “0.” 
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TIMING DIAGRAMS FDD WRITE OPERATION 


PROCESSOR READ OPERATION 


Ag, CS, DACK 


| 


—e! be—T or —»| b— Twop 


I 
WRITE DATA 
2 Nese Pa) ——, 


—>| k—Tcp 


PRESHIFT 0 PRESHIFT 1 
ae a a a 
ae ae ee ee ee 





ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS* 


Operating TEMperature avn ec ae itetea wa bsaee bide enc had ev wala Ro Gude etn nde wae eee Ne ENS A bE IGS — 10°C to + 70°C 
Storage TEMPerature svccicd ccice dntessvosassedwwsd aes cand os vee cls lee eeag anes sae uewe sda en desmdedawens samen —55°c to + 150°C 
AlLOUtPULVOMtAGeS ic5ici cated oAbderse ang Binlnages eee and Haden sate seals yea edluwareaalbeges eWywaiie euaceu leds —0.5to +7 Volts 
All Input Voltages st. seco ieee ee ening nbaletaen danse Mes sutton orto wh eanteaenubaw ed Hust woe MaE ee Hee Eee lend mas Maes —0.5 to +7 Volts 
Supply Voltage Vie ass ovswed aevee atin Steen a wnswlsvielenutilved booted teracah wed eacdab wa eada Matinedaaie alates —0.5to +7 Volts 
Power DISSIPALOM sijias 53 cisd cocdld wie ba hlegae an wiad joer sinaea bs Quntbladae mad aad ebchewmaceaddaas oa outn ne ANE Gea whe oad eealeatet dutor ence 1 Watt 
T, = 25°C 


“COMMENT: Stress above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 


DC CHARACTERISTICS T, = 0°C to + 70°C; Veg = +5V +5% unless otherwise specified. 


LIMITS 
PARAMETER SYMBOL | MIN | TYP®| MAX | 


Input Low Voltage | MT 05 | 
Input High Voltage Vn | 20 | | Voc + 0.5 _| 
Output Low Voltage ae 


Output High Voltage Vou Vee 
Input Low Voltage Vicia) —0.5 0.65 
(CLK + WR Clock) 
Voc Supply Current 
Ll 


| A 
Input Load Current | 10 yA 
(All Input Pins) -—10 pA 
|| A 
| | A 


















= 
Voc 





High Level Output Leakage Current 
Low Level Output Leakage Current 


NOTE: OTypical values for T, = 25°C and nominal supply voltage. 
DC CHARACTERISTICS T, = 25°C; f, = 1 MHZ; Vec = OV 


PARAMETER 


Clock Input Capacitance All Pins Except Pin 


Vour = +0.45V 


Input Capacitance Under Test Tied to 
Output Capacitance | 20 | pF i AC Ground 





AC CHARACTERISTICS T, = — 10°C to +70°C; Vog = +5V + 5% unless otherwise specified. 



















































a oun | TEST 
| ClockPeriod sid ty S120 | 125 | 500s s| rs S| Cid 
| Clock Active(High, Low) | ltSC| TT ls CT 
Clock Rise Time b, a ae ie ae ee ee 
ae 
[An CS -DACK Set Up TimetoRD 1. --[--- Te | Oe i ing 
[| A, CS,DACKHoldTimefromRDT | Te | oOo | [| [| nm [| | 
| RDWidth (isd CT TE ls 
| DataAccessTimefromRD! ss [| Tam S| | CidE 2000S] ens | C, = 100 pF 
Ree Rarely Time rom A} tf 20 f __{_100_ fs C, = 100 pF 
een i a 
|_A,CS,DACKHoldTimetoWR* | Tm =~ | TT ls OT 
EE ea a I ee eS ee) ee a ee) 
Toye 150" | ns 2 as 
[| DataHoldTimefromWRt | Tw S| TTC ls OT 
| INTDelayTimefomRDt | lu Sd] CT Cd 00s ns S| sid 
| INTDelayTimefomwRt | Tw COT CTC 00s es Of 
| DRQCycleTime TT | | [ows | 
| DRQDelayTimefromDACK! ss | Tw S| SCT CT 00ST rs S| 
jee WIENS op a dS ie ee ee ge | 
| ResetWidth dT Tse S| 4 Plt 
MFM =0 51%” 
2 MFM =1 5%" 
WCK CYCLE TIME Thier MFM =0 3%"© 
1 MFM =1 3%’© 
MFM = 0 3%2”© 
. 2 MEM = 1 3%2’© 
350 
ee ee 
en 
| 
| 
40 | 
Window Hold Time to/from RDD ia 15 a 4 
US, , Hold Time to RW/SEEK t Tz et sae Plllgene = 
CURRENT/DIRECTION 1 





ot es 
j : : = NO}p 
g [@) NP O};O!1oO 





LOW CURRENT/DIRECTION Hold — 
Time to FAULT Tosr 
RESET/STEP 1 8 MHz Clock Period 
US,, Hold Time from FAULT RESET/ Tsru 5.0 
33 
a 
a 
a aa 
SOs) 
7 
ee 
goo | 
20 | 
bem otal 
NOTES: Qu Typical values for T, = 25°C and nominal supply voltage. @ For mini-floppy applications, écy must be 4 mHz. 
® The former value of 2 and 1 are applied to Standard Floppy, and the ® Sony microfloppy 312” drive (8” compatible). 
latter value of 4 and 2 are applied to Mini-floppy. © Sony microfloppy 31” drive (514" compatibte). 


® Under Software Control. The range is from 1 ms to 16 ms at 8 MHz 
Clock Period, and 2 to 32 ms at 4 MHz Clock Period. 
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TIMING DIAGRAMS 


PROCESSOR WRITE OPERATION DMA OPERATION 
| 


! 
Tam 
* ~~ 


AW |—¢— —| TWA —————— Trcy 
\ 


wR Tww DACK 
i 


jap ——TOW——enl |_| ist ENN rad 
WR OR RO | 
DATA = 
EE TENS Gece TEE: eee 


he Twi, be Ta (RD) = 


——— | 


SEEK OPERATION 


USo 4 STABLE 


eee = tsu = 
| 
kos 
—=|tsoh— = DS pae— | 


DIRECTION | 


tpost —| oe a 
| Itstp | 
| | 
tstp—>]| +e — | 
es 


RW/SEEK 


ae caret , INDEX TERMINAL COUNT 


FAULT RESET = a | 


FILE UNSAFE RESET | 


| Tipx 


| | 
i} 
—r| TeR <_< | TIDx 


kk 


FDD READ OPERATION 


1 
READ DATA , \ / \ 
) | 


aan [TROD TWA pT TROw>| 


| 1 { 1 


| 
Note: Either polarity data window is valid. |g Tey ————_» 





STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
CORPORATION , information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
————— assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
1516)273-3100 | TWX 0-227. 8698 devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 

at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION 





Floppy Disk 
Controller/Formaitter 
FDC 


FEATURES 


[] SOFT SECTOR FORMAT COMPATIBILITY 
C] AUTOMATIC TRACK SEEK WITH VERIFICATION 
CL] ACCOMMODATES SINGLE AND DOUBLE 
DENSITY FORMATS 
IBM 3740 Single Density (FM) 
IBM System 34 Double Density (MFM) 
CO) READ MODE 
Single/Multiple Sector Read with Automatic Search 
or Entire Track Read 
Selectable 128 Byte or Variable Length Record 
CL] WRITE MODE 
Single/Multiple Sector Write with Automatic Sector 
Search 
Entire Track Write for Diskette Initialization 
CL) PROGRAMMABLE CONTROLS 
Selectable Track to Track Stepping Time 
_ Side Select Compare 
C) SYSTEM COMPATIBILITY 
Double Buffering of Data 8 Bit Bi-Directional Bus for 
Data, Control and Status 
DMA or Programmed Data Transfers 
All Inputs and Outputs are TTL Compatible 
On-chip Track and Sector Registers/Comprehensive 
Status Information 
L] WRITE PRECOMPENSATION (MFM AND FM) 
CL) SIDE SELECT LOGIC (FDC 1795, FDC 1797) 
L] WINDOW EXTENSION (IN MFM) 


FDC 1791-02 
FDC 1792-02 
FDC 1793-02 
FDC 1794-02 
FDC 1795-02 
FDC 1797-02 


[LPC FAMILY 


PIN CONFIGURATION 


"INVERTED BUS FOR FDC 1791, FDC 1792, FDC 1795 
**MUST BE LEFT OPEN FOR FOC 1792 and FDC 1794 


PACKAGE: 40 pin D.1.P. 





L] INCORPORATES ENCODING/DECODING 
AND ADDRESS MARK CIRCUITRY 
L] COMPATIBLE WITH FD179X-02 
LJ COPLAMOS® n-CHANNEL MOS TECHNOLOGY 
() COMPATIBLE WITH THE FDC 9216 FLOPPY DISK 
DATA SEPARATOR 


GENERAL DESCRIPTION 


The FDC 179X is an MOS/LSI device which performs the 
functions of a Floppy Disk Controller/Formatter in a 
single chip implementation. The basic FDC 179X chip 
design has evolved into six specific parts: FDC 1791, 
FDC 1792, FDC 1793, FDC 1794, FDC 1795, and the 
FDC 1797. 


This FDC family performs all the functions necessary 
to read or write data to any type of floppy disk drive. 
Both 8” and 5%" (mini-floppy) drives with single or 
double density storage capabilities are supported. 
These n-channel MOS/LSI devices will replace a large 
amount of discrete logic required for interfacing a host 
processor to a floppy disk. 


The FDC 1791 is IBM 3740 compatible in single density 
mode (FM) and System 34 compatible in double density 
mode (MFM). The FDC 1791 contains enhanced fea- 
tures necessary to read/write and format a double 
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density diskette. These include address mark detection, 
FM and MFM encode and decode logic, window ex- 
tension, and write precompensation. 


The FDC 1793 is identical to the FDC 1791 except the 
DAL lines are TRUE for systems that utilize true 
data busses. 


The FDC 1792 operates in the single density mode only. 
Pin 37 (DDEN) of the FDC 1792 must be left open for 
proper operation. The FDC 1794 is identical to the 
FDC 1792 except the DAL lines are TRUE for systems 
that utilize true data busses. The FDC 1795 adds side 
select logic to the FDC 1791. The FDC 1797 adds the 
side select logic to the FDC 1793. 


The processor interface consists of an 8 bit bidirectional 
bus for data, status, and control word transfers. This 
family of controllers is configured to operate on a 
multiplexed bus with other bus-oriented devices. 





FDC 179X BLOCK DIAGRAM 


DATA OUT 
BUFFERS 


SECTOR TRACK 
! REG al REG 


WRITE DATA 
(TO DISK) 


AM 
DETECTOR 


CRC LQGIC 


COMPUTER CONTROL PLA CONTROL 
INTERFACE CONTROL 
CONTROL {230 x 16) 


RAW READ 


mwmaAcv=s00 


FLOPPY DISK 
CONTROLLER/ 
FORMATTER 


mornvDmAZz— 
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DISK 
INTERFACE 
CONTROL 


ONE SHOT 
(IF USED) 


m<—~-DO AYO-O <VVOrN 


STATUS 
REG 


WG 
TG43 
WPAT 

WF/VFOE 
1p 
TROO 
READY 

STEP 

DIRC 

EARLY 

LATE 

RG/SSO 
HLD 
HLT 





DESCRIPTION OF PIN FUNCTIONS 























PIN NO. NAME SYMBOL FUNCTION 
1 NO CONNECTION NC This pin is internally connected to the substrate bias generator and 
must be left open. 
20 GROUND Vss Ground 
21 POWER SUPPLY Vec +5V 
40 POWER SUPPLY Vop +12V 
19 MASTER RESET MR A logic low on this input resets the device and loads HEX 03 into 


the command register. The Not Ready (Status Bit 7) is reset during 
MR ACTIVE. When MR is brought to a logic high a Restore 
Command is executed, regardless of the state of the Ready signal 
from the drive. Also, HEX 01 is loaded into the sector register. 





COMPUTER INTERFACE: 














WRITE ENABLE WE A logic low on_this input gates data on the DAL into the selected 
register when CS is low. 










CHIP SELECT cs A logic low on this input selects the chip and the parallel 
data bus (DAL). 








READ ENABLE RE A logic low on this input contro!s the placement of data from a 
selected register on DALZ-DAL7 when CS is low. 













REGISTER SELECT AO, A1 These inputs select the register to receive/transfer data on the DAL 
LINES lines under RE and WE control: 


Status Reg Command Reg 


Track Reg Track Reg 
Sector Reg Sector Reg 
Data Reg Data Reg 





DATA ACCESS LINES 





DALO- Eight bit Bidirectional bus used for transfer of data, control, and 

DAL7 status. This_bus is a receiver enabled by WE or a transmitter 
enabled by RE. The Data Bus is inverted on the FDC 1791, FDC 1792 
and FDC 17985. 


24 CLOCK CLK This input requires a free-running square wave clock for internal 
timing reference, 2 MHz for 8” drives, 1 MHz for 5%" drives. 











38 DATA REQUEST DRQ This open drain output indicates that the DR contains assembled 
data in Read operations, or the DR is empty in Write operations. 
This signal is reset when serviced by the computer through reading 
or loading the DR in Read or Write operations, respectively. Use a 
10K pull-up resistor to +5V. 





39 INTERRUPT REQUEST INTRQ This open drain output is set at the completion or termination 
of any operation and is reset when a new command is loaded into 
the command register or the status register is read. Use a 10K 
pull-up resistor to +5V. 








FLOPPY DISK INTERFACE: 








15 STEP STEP Step and direction motor control. The step output contains a pulse 
for each step. 





16 DIRECTION DIRC Direction Output is active high when stepping in, active low when 
stepping out. 





17 EARLY EARLY | Indicates that the write data pulse occurring while Early is active 
(high) should be shifted early for write precompensation. 





18 LATE LATE Indicates that the write data pulse occurring while Late is active 
(high) should be shifted late for write precompensation. 








22 TEST TEST | This input is used for testing purposes only and should be tied to 
+5V or left open by the user unless interfacing to voice coil 
actuated motors. 








23 HEAD LOAD TIMING HLT When a logic high is found on the HLT input the head is assumed 
to be engaged. 
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PIN NO. NAME SYMBOL _ FUNCTION 


READ GATE (1791/3) Sar A high level on this output indicates to the data separator circuitry 


25 
that a field of zeros (or ones) has been encountered, and is used 
for synchronization. 
25 SIDE SELECT OUTPUT 
(1795, 1797) 
READ CLOCK RCLK 


RAW READ 
28 











The logic level of the Side Select Output is directly controlled by 
the ‘S’ flag in Type II or IIl commands. When S=1, SSO is set to 
a logic 1. When S=0, SSO is set to a logic 0. The Side Select Output 
is only updated at the beginning of a Type II or II command. It is 
forced to a logic 0 upon a MASTER RESET condition. 





A nominal square-wave clock signal derived from the data stream 
must be provided to this input. Phasing (i.e. RCLK transitions) 
relative to RAW READ is important but polarity (RCLK high or low) 
is not. 

The data input signal directly from the drive. This input shall be a 
negative pulse for each recorded flux transition. 


The HLD output controls the loading of the Read-Write head 
against the media. 








HEAD LOAD 
This output informs the drive that the Read/Write head is positioned 
between tracks 44-76. This output is valid only during Read and 


RG 
sso 
RAW 
READ 
29 TRACK GREATER TG43 
THAN 43 
Write Commands. 
30 WRITE GATE WG This output is made valid before writing is to be performed 
on the diskette. 























31 WRITE DATA A250 ns (MFM) or 500 ns (FM) pulse per flux transition. WD contains 
MFM formats. 


the unique Address marks as well as data and clock in both FM and 
READY EADY | This input indicates disk readiness and is sampled for a logic high 
before Read or Write commands are performed. If Ready is low the 
Read or Write operation is not performed and an interrupt is 
generated.. Type | operations are performed regardless of the state 
of Ready. The Ready input appears in inverted format as Status 
Register bit 7. 
CRC byte of the Data Field. On the 1791/3, VFOE will remain low 


33 WRITE FAULT/ 
VFO ENABLE 
until the end of the Data Field. 


TRACK 00 TROO This input informs the FDC179X that the Read/Write head is 
positioned over Track 00. 
7 
DEN 





WF/VFOE | This is a bi-directional signal used to signify writing faults at the 
drive, and to enable the external PLO data separator. When WG=1, 
Pin 33 functions as a WF input. If WF =0, any write command will 
immediately be terminated. When WG=0, Pin 33 functions as a 
VFOE output. VFOE will go low during a read operation after the 
head has loaded and settled (HLT=1). On the 1795/7, it will remain 
fow until the last bit of the second CRC byte in the ID field. VFOE 
will then go high until 8 bytes (MFM) or 4 bytes (FM) before the 
Address Mark. It will then go active until the last bit of the second 















INDEX PULSE This input informs the FDC179X when the index hole is encountered 
on the diskette. 
WRITE PROTECT WPR This input is sampled whenever a Write Command is received. 
A logic low terminates the command and sets the Write Protect 
Status bit. 
3 DOUBLE DENSITY D This pin selects either single or double density operation. When 
DDEN=0, double density is selected. When DDEN=1, single 


density is selected. This line must be left open on the 1792/4. 








32 
34 
35 
36 

7 
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FUNCTIONAL DESCRIPTION 


The FDC 179X-02 major functional blocks are as follows: 


Data Shift Register— This 8-bit register assembles serial 
data from the Read Data input (RAW READ) during 
Read operations and transfers serial data to the Write 
Data output during Write operations. 


Data Register — This 8-bit register is used as a holding 
register during Disk Read and Write operations. In Disk 
Read operations the assembled data byte is transferred 
in parallel to the Data Register from the Data Shift 
Register. In Disk Write operations information is trans- 
ferred in parallel from the Data Register to the Data 
Shift Register. 


When executing the Seek command the Data Register 
holds the address of the desired Track position. This 
register is loaded from the DAL and gated onto the DAL 
under processor control. 


Sector Register (SR)—This 8-bit register holds the 
address of the desired sector position. The contents 
of the register are compared with the recorded sector 
number in the ID field during disk Read or Write opera- 
tions. The Sector Register contents can be loaded from 
or transferred to the DAL. This register should not be 
loaded when the device is busy. 


Command Register (CR)— This 8-bit register holds the 
command presently being executed. This register should 
not be loaded when the device is busy unless the new 
command is a Force Interrupt. The command register 
can be loaded from the DAL, but not read onto the DAL. 
Status Register (STR) — This 8-bit register holds device 
Status information. The meaning of the Status bits is a 
function of the type of command previously executed. 


This register can be read onto the DAL, but not loaded 
from the DAL. 


CRC Logic— This logic is used to check or to generate 
the 16-bit Cyclic Redundancy Check (CRC). The poly- 
nomial is: G(x) =x'®+x'?+x5+1. 

Track Register— This 8-bit register holds the track 
number of the current Read/Write head position. It is 
incremented by one every time the head stepped in 
(towards track 76) and decremented by one when the 
head is stepped out (towards track 00). The contents 
of the register are compared with the recorded track 
number in the ID field during disk Read, Write, and 
Verify operations. The Track Register can be loaded 
from or transferred to the DAL. This Register should not 
be loaded when the device is busy. 


The CRC includes all information starting with the 
address mark and up to the CRC characters. The CRC 
register is preset to ones prior to data being shifted 
through the circuit. 

Arithmetic/Logic Unit (ALU)—The ALU is a serial 
comparator, incrementer, and decrementer and is used 
for register modification and comparisons with the disk 
recorded ID field. 

Timing and Control— All computer and Floppy Disk 
Interface controls are generated through this logic. The 
internal device timing is generated from an external 
crystal clock. 

AM Detector—The address mark detector detects ID, 
data and index address marks during ready and 
write operations. 





OPERATION 


FDC 1791, FDC 1793, FDC 1795 and FDC 1797 have two 
modes of operation according to the state of DDEN 
(Pin 37). When DDEN=1, single density is selected. In 
either case, the CLK input (Pin 24) is at 2 MHz. However, 
when interfacing with the mini-floppy, the CLK input is 
set at 1 MHz for both single density and double density. 
When the clock is at 2 MHz, the stepping rates of 3, 6, 10, 
and 15 ms are obtainable. When CLK equals 1 MHz these 
times are doubled. 


DDEN must be left open for the FDC 1792 and FDC 1794. 





Disk Read Operation 


Sector lengths of 128, 256, 512 or 1024 are obtainable 
in either FM or MFM formats. For FM, DDEN should be 
placed to logical “1.” For MFM formats, DDEN should 
be placed to a logical “0.” Sector lengths are determined 
at format time by a special byte in the “ID” field. If this 
Sector length byte in the ID field is zero, then the sector 
length is 128 bytes. If 01 then 256 bytes. If 02, then 
512 bytes. If 03, then the sector length is 1024 bytes. 
The number of sectors per track can be from 1 to 255 
sectors. The number of tracks is from 0 to 255 tracks. 
For read operations, the FDC 179X requires RAW READ 
Data (Pin 27) signal which is a 250 ns pulse per flux 
transition and a Read clock (RCLK) signal to indicate 
flux transition spacings. The RCLK (Pin 26) signal is 
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provided by some drives but if not, it may be derived 
externally by Phase lock loops, one shots, or counter 
techniques. In addition, a Read Gate Signal is provided 
as an output (Pin 25) which can be used to inform phase 
lock loops when to acquire synchronization. When 
reading from the media in. FM, RG is made true when 
2 bytes of zeroes are detected. The FDC179X must find 
an address mark within the next 10 bytes; otherwise RG 
is reset and the search for 2 bytes of zeroes begins all 
over again. If an address mark is found within 10 bytes, 
RG remains true as long as the FDC179xX is deriving any 
useful information from the data stream. Similarly for 
MFM, RG is made active when 4 bytes of “OO” or “FF” are 
detected. The FDC179X must find an address mark 
within the next 16 bytes, otherwise RG is reset and 
search resumes. 
During read operations (WG=0), the VFOE (Pin 33) is 
provided for phase lock loop synchronization. VFOE 
will go active when: 

a) Both HLT and HLD are True 

b) Settling Time, if programmed, has expired 

c) The 179X is inspecting data off the disk 
lf WF/VFOE is not used, leave open or tie to a 10K 
resistor to +5. 


On Disk Read operations the Data Request is activated 
(set high) when an assembled serial input byte is 
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transferred in parallel to the Data Register. This bit 
is cleared when the Data Register is read by the pro- 
cessor. If the Data Register is read after one or more 
characters are lost by having new data transferred into 
the register prior to processor readout, the Lost Data bit 
is set in the Status Register. Tne Read operation con- 
tinues until the end of sector is reached. 


Disk Write Operation 


When writing is to take place on the diskette the Write 
Gate (WG) output is activated, allowing current to flow 
into the Read/Write head. As a precaution against 
erroneous writing the first data byte must be loaded into 
the Data Register in response to a Data Request from the 
FDC179X before the Write Gate signal can be activated. 
Writing is inhibited when the Write Protect input is a 
logic low, in which case any Write command is immedi- 
ately terminated, an interrupt is generated and the Write 
Protect status bit is set. The Write Fault input, when 
activated, signifies a writing fault condition detected 
in disk drive electronics such as failure to detect write 
current flow when the Write Gate is activated. On detec- 
tion of this fault the FDC179X terminates the current 
command, and sets the Write Fault bit (bit 5) in the Status 
Word. The Write Fault input should be made inactive 
when the Write Gate output becomes inactive. — 


For write operations, the FDC179X provides Write Gate 
(Pin 30) and Write Data (Pin 31) outputs. Write data 
consists of a series of 500 ns pulses in FM (DDEN=1) 


and 250 ns pulses in MFM (DDEN=0). Write Data pro- 
vides the unique address marks in both formats. 


Also during write, two additional signals are provided 
for write precompensation. These are EARLY (Pin 17) 
and LATE (Pin 18). EARLY is active true when the WD 
pulse appearing on (Pin 30) is to be written early. LATE 
is active true when the WD pulse is to be written LATE. 
If both EARLY and LATE are low when the WD pulse is 
present, the WD pulse is to be written at nominal. Since 
write precompensation values vary from disk manu- 
facturer to disk manufacturer, the actual value is 
determined by several one shots or delay lines which are 
located external to the FDC179X. The write precompen- 
sation signals EARLY and LATE are valid for the duration 
of WD in both FM and MFM formats. 


On Disk Write operations the Data Request is activated 
when the Data Register transfers its contents to the 
Data Shift Register, and requires a new data byte. It is 
reset when the Data Register is loaded with new data by 
the processor. If new data is not loaded at the time the 
next serial byte is required by the Floppy Disk, a byte 
of zeroes is written on the diskette and the Lost Data 
bit is set in the Status Register. 


At the completion of every command an INTRQ is 
generated. INTRQ is reset by either reading the status 
register or by loading the command register with a new 
command. In addition, INTRQ is generated if a Force 
Interrupt command condition is met. 


COMMAND WORDS 


The FDC179X will accept eleven commands. Command 
words should only be loaded in the Command Register 
when the Busy status bit is off (Status bit 0). The one 
exception is the Force Interrupt command. Whenever 
a command is being executed, the Busy status bit is set. 
When a command is completed, an interrupt is gener- 
ated and the Busy status bit is reset. The Status Register 
indicates whether the completed command encountered 
an error or was fault free. For ease of discussion, 
commands are divided into four types. Commands and 
types are summarized in Table 1. 


Table 1. Command Summary 
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Type | Commands 


The Type | Commands are Restore, Seek, Step, Step-In, 
and Step-Out. Each of the Type | Commands contains a 
rate field (ror:), which determines the stepping motor 
rate as defined in Table 2. 


The Type | Commands contain a head load flag (h) which 
determines if the head is to be loaded at the beginning 
of the command. If h=1, the head is loaded at the 
beginning of the command (HLD output is made active). 
If h=0, HLD is deactivated. Once the head is loaded, 
the head will remain engaged until the FDC179X receives 
a command that specifically disengages the head. If 
the FDC179xX is idle (busy=0) for 15 revolutions of the 
disk, the head will be automatically disengaged (HLD 
made inactive). 


The Type | Commands also contain a verification (V) 
flag which determines if a verification operation is to 
take place on the destination track. If V=1, a verification 
is performed, if V=O, no verification is performed. 


During verification, the head is loaded and after an 
internal 15 ms delay, the HLT input is sampled. When 
HLT is active (logic true), the first encountered ID field 
if read off the disk. The track address of the ID field is 
then compared to the Track Register; if there is a match 
and a valid ID CRC, the verification is complete, an 
interrupt is generated and the Busy status bit is reset. If 
there is not a match but there is valid ID CRC, an interrupt 


is generated, and Seek Error Status bit (Status bit 4) is 
set and the Busy status bit is reset. If there is a match but 
not a valid CRC, the CRC error status bit is set (Status 
bit 3), and the next encountered ID field is read from the 
disk for the verification operation. If an ID field with a 
valid CRC cannot be found after four revolutions of the 
disk, the FDC179X terminates the operation and sends 
an interrupt (INTRQ). 


The Step, Step-In, and Step-Out commands contain an 
Update flag (u). When u=1, the track register is updated 
by one for each step. When u=0, the track register is 
not updated. 


On the FDC 1795/7 devices, the SSO output is not 
affected during Type 1 commands, and an internal side 
compare does not take place when the (V) Verify Flag 
is on. 


Restore (Seek Track 0) 


Upon receipt of this command the Track 00 (TROO) 
input is sampled. if TROO is active low indicating the 
Read-Write head is positioned over track 0, the Track 
Register is loaded with zeroes and an interrupt is gener- 
ated. If TROO is not active low, stepping pulses (pins 15 
to 16) at a rate specified by the riro field are issued until 
the TROO input is activated. At this time the Track 
Register is loaded with zeroes and an interrupt is gener- 
ated. If the TROO input does not go active low after 255 
stepping pulses, the FDC179X terminates operation, 
interrupts, and sets the Seek error status bit. A verification 
operation takes place if the V flag is set. The h bit allows 
the head to be loaded at the start of command. Note that 
the Restore command is executed when MR goes from 
an active to an inactive state. 


Seek 


This command assumes that the Track Register contains 
the track number of the current position of the Read- 
Write head and the Data Register contains the desired 
track number. The FDC179X will update the Track 
register and issue stepping pulses in the appropriate 
direction until the contents of the Track register are 
equal to the contents of the Data Register (the desired 
track location). A verification operation takes place if the 
V flag is on. The h bit allows the head to be loaded at the 
start of the command. An interrupt is generated at the 
completion of the command. 








Step 

Upon receipt of this command, the FDC179X issues one 
stepping pulse to the disk drive. The stepping motor 
direction is the same as in the previous step command. 
After a delay determined by the riro field, a verification 
takes place if the V flag is on. If the u flag is on, the Track 
Register is updated. The h bit allows the head to be 
loaded at the start of the command. An interrupt is 
generated at the completion of the command. 


Step-In 

Upon receipt of this command, the FDC 179X issues one 
stepping pulse in the direction towards track 76. If the 
u flag is on, the Track Register is incremented by one. 
After a delay determined by the riro field, a verification 
takes place if the V flag is on. The h bit allows the head to 
be loaded at the start of the command. An interrupt is 
generated at the completion of the command. 
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Step-Out 


Upon receipt of this command, the FDC179X issues one 
stepping pulse in the direction towards track 0. If the 
u flag is on, the Track Register is decremented by one. 
After a delay determined by the iro field, a verification 
takes place if the V flag is on. The h bit allows the head to 
be loaded at the start of command. An interrupt is 
generated at the completion of the command. 


Head Positioning 

The period of each positioning step is specified by the 
r field in bits 1 and O of the command word. After the 
last directional step an additional 15 milliseconds of 
head settling time takes place if the Verify flag is set in 
Type | commands. Note that this time doubles to 30 ms 
for a 1 MHz clock. If TEST=0, there is zero settling time. 
There is also a 15 ms head settling time if the E flag is set 
in any Type II or Ill command. 


The rates (shown in Table 2) can be applied to a Step- 
Direction Motor through the device interface. 


Step —A 2 us (MFM) or 4 ys (FM) pulse is provided as an 
output to the drive. For every step pulse issued, the 
drive moves one track location in a direction determined 
by the direction output. 


Direction (DIRC)—The Direction signal is active high 
when stepping in and low when stepping out. The Direc- 
tion signal is valid 12 us before the first stepping pulse 
is generated. — 


When a Seek, Step or Restore command is executed an 
optional verification of Read-Write head position can be 
performed by setting bit 2 (V=1) in the command word 
to a logic 1. The verification operation begins at the end 
of the 15 millisecond settling time after the head is 
loaded against the media. The track number from the 
first encountered ID Field is compared against the 
contents of the Track Register. If the track numbers 
compare and the ID Field Cyclic Redundancy Check 
(CRC) is correct, the verify operation is complete and an 
INTRQ is generated with no errors. The FDC179X must 
find an ID field with correct track number and correct 
CRC within 5 revolutions of the media; otherwise the 
seek error is set and an INTRQ is generated. 





Table 2. Stepping Rates 


CLK: 2MHz 2MHz 1MHz 1MHz 2MHz~ 1 MHz 


DDEN: 0 1 0 1 X X 
fo TEST=1 TEST=1 TEST=1 TEST=1 TEST=0 TEST=0 


184 ys 
190ps 
198ps 
208us 


6 ms 
12 ms 
20 ms 
30 ms 


6 ms 
12 ms 
20 ms 
30 ms 


3 ms 
6ms 
10 ms 
15 ms 


3 ms 
6 ms 
10 ms 
15 ms 


The Head Load (HLD) output controls the movement of 
the read/write head against the media. HLD is activated 
at the beginning of a Type | command if the h flag is 
set (h=1), at the end of the Type | command if the verify 
flag (V=1), or upon receipt of any Type II or III command. 
Once HLD is active it remains active until either a Type | 
command is received with (h=0 and V=O); or if the 
FDC179X is in an idle state (non-busy) and 15 index 
pulses have occurred. 

Head Load Timing (HLT) is an input to the FDC179X 
which is used for the head engage time. When HLT=1, 
the FDC179X assumes the head is completely engaged. 





The head engage time is typically 30 to 100 ms depend- 
ing on drive. The low to high transition on HLD is 
typically used to fire a one shot. The output of the one 
shot is then used for HLT and supplied as an input to 
the FDC179X. 


HLD a 


}<a—50 TO 100mS —m} 


HLT (FROM ONE SHOT) 









Head Load Timing 


When both HLD and HLT are true, the FDC 179X will then 
read from or write to the media. The “and” of HLD and 
HLT appears as a status bit in Type | status. 


TYPE | COMMANDS FLAG SUMMARY 


h=Head Load Flag (Bit 3) 


h=1, Load head at beginning 
h=0, Unload head at beginning 


V= Verify flag (Bit 2) 


V=1, Verify on destination track 


V=0, No verify 
rifo= Stepping motor rate (Bits 1-0) 
Refer to Table 2 for rate summary 
u= Update flag (Bit 4) 


u=1, Update Track register 
u=0, No update 





Type I] Commands 


The Type Il Commands are the Read Sector and Write 
Sector commands. Prior to loading the Type !I Command 
into the Command Register, the system must load the 
Sector Register with the desired sector number. Upon 
receipt of the Type I! command, the busy status Bit is 
set. If the E flag=1 (this is the normal case) HLD is made 
active and HLT is sampled until true after a 15 msec delay. 
If the E flag is 0, HLD is made active and HLT is sampled 
with no delay until true. The ID field and Data Field 
format are shown below. 

When an ID field is located on the disk, the FDC179X 
compares the Track Number on the ID field with the 
Track Register. If there is not a match, the next encountered 
ID field is read and a comparison is again made. If there 


is amatch, the Sector Number of the ID field is compared 
with the Sector Register. If there is not a Sector match, 
the next encountered !D field is read off the disk and 
comparisons again made. If the ID field CRC is correct, 
the data field is then located and will be either written 
into, or read from depending upon the command. The 
FDC179X must find an ID field with a Track number, 
Sector number, side number, and CRC within four 
revolutions of the disk; otherwise, the Record not found 
status bit is set (Status bit 3) and the command is ter- 
minated with an interrupt. 


Each of the Type I| Commands contains an (m) flag 
which determines if multiple records (sectors) are to be 
read or written, depending upon the commana. If m=0, 
a single sector is read or written and an interrupt is 
generated at the completion of the command. If m=1, 
multiple records are read or written with the sector 
register internally updated so that an address verification 
can occur on the next record. The FDC179X will read 
or write multiple records starting with the sector presently 
in the sector register. The FDC 179X will continue to read 
or write multiple records and update the sector register 
until the sector register exceeds the number of sectors 
on the track or until the Force Interrupt command is 
loaded into the Command Register, which terminates 
the command and generates an interrupt. 


If the Sector Register exceeds the number of sectors on 
the track, the Record-Not-Found status bit will be set. 


The Type Il commands also contain side select compare 
flags. When C=0, no side comparison is made. When 
C=1, the LSB of the side number is read off the ID 
Field of the disk and compared with the contents of 
the (S) flag. If the S flag compares with the side number 
recorded in the ID field, the 179X continues with the ID 
search. If a comparison is not made within 5 index 
pulses, the interrupt line is made active and the Record- 
Not-Found status bit is set. 


The FDC1795/7 READ SECTOR and WRITE SECTOR 
commands include a ‘b’ flag. The ‘b’ flag, in conjunction 
with the sector length byte of the ID Field, allows different 
byte lengths to be implemented in each sector. For IBM 
compatability, the ‘b’ flag should be set to a one. The 
‘s’ flag allows direct control over the SSO Line (Pin 25) 
and is set or reset at the beginning of the command, 
dependent upon the value of this flag. 


Sector Length Table (1791/2/3/4 only) 


Sector Length Number of Bytes 
Field (hex) in Sector (decimal). 








Field Format 





GAP| ID TRACK | SIDE SECTOR | SECTOR | CRC} CRC | GAP| DATA CRC | CRC 
It | AM | NUMBER | NUMBER | NUMBER | LENGTH 1 2 I AM _| DATA FIELD 1 2 


ID FIELD DATA FIELD 






In MFM only, IDAM and DATA AM are preceded by three bytes of A1 with clock transition between bits 4 and 5 missing. 
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Read Sector 


Upon receipt of the Read Sector command, the head is 
loaded, the Busy status bit set, and when an ID field 
is encountered that has the correct track number, 
correct sector number, correct side number, and correct 
CRC, the data field is presented to the computer. The 
Data Address Mark of the data field must be found within 
30 bytes in single density and 43 bytes in double density 
of the last ID field CRC byte; if not, the Record-Not- 
Found status bit is set and the operation is terminated. 


When the first character or byte of the data field has 
been shifted through the DSR, it is transferred to the DR, 
and DRQ is generated. When the next byte is accumu- 
lated in the DSR, it is transferred to the DR and another 
DRQ is generated. If the Computer has not read the 
previous contents of the DR before a new character is 
transferred that character is lost and the Lost Data 
Status bit is set. This sequence continues until the com- 
plete data field has been inputted to the computer. If 
there is a CRC error at the end of the data field, the 
CRC error status bit is set, and the command is termi- 
nated (even if it is a multiple record command). 

At the end of the Read operation, the type of Data 
Address Mark encountered in the data field is recorded 
in the Status Register (Bit 5) as shown below: 


STATUS 
BIT 5 
1 Deleted Data Mark 
0 Data Mark 


COMMAND 


READ SECTOR 
WRITE SECTOR 





DATA ADDRESS MARK (ao) 
F, (1791/3) SIDE COMPARE FLAG (C) 


F, (1795/7) SIDE SELECT FLAG (S) 


DELAY (E) 


F2 (1791/3) SIDE SELECT FLAG (S) 


Fe (1795/7) SECTOR LENGTH FLAG (b)[ = 


MULTIPLE SECTORS (m) 


Write Sector 


Upon receipt of the Write Sector command, the head 
is loaded (HLD active) and the Busy status bit is set. 
When an ID field is encountered that has the correct 
track number, correct sector number, correct side 
number, and correct CRC, a DRQ is generated. The 
FDC179X counts off 11 bytes in single density and 22 
bytes in double density from the CRC field and the Write 
Gate (WG) output is made active if the DRQ is serviced 
(i.e., the DR has been loaded by the computer). If DRQ 
has not been serviced, the command is terminated and 
the Lost Data status bit is set. If the DRQ has been ser- 
viced, the WG is made active and six bytes of zeros in 
single density and 12 bytes in double density are then 
written on the disk. At this time the Data Address Mark 
is then written on the disk as determined by the ao field 
of the command as shown below: 


ao Data Address Mark (Bit 0) 
1 Deleted Data Mark 
0 Data Mark 


The FDC179X then writes the data field and generates 
DRQ's to the computer. If the DRQ is not serviced in 
time for continuous writing the Lost Data Status Bit is 
set and a byte of zeros is written on the disk. The com- 
mand is not terminated. After the last data byte has been 
written on the disk, the two-byte CRC is computed 
internally and written on the disk followed by one byte 
of logic ones in FM or in MFM. The WG output is 
then deactivated. 


O=Write hex FB (data) into Data Address Mark field 
1=Write hex F8 (deleted data) into Data AM field 


O0=Side number not tested 
1=Side number tested 


0=Update SSO to 0 
1=Update SSO to 1 


O=No delay between HLD activation and HLT Sampling 
1=15 ms delay between HLD activating and HLT Sampling 


O=Compare for side 0 
1=Compare for side 1 


Sector Length Field 
00 01 10 11 


256 512 1024 128 
128 256 512 1024 


0=Read (or Write) Single Sectors 
1=Read (or Write) Multiple Sectors 


Figure 1. Type Il and Ill Flag Summary 
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Type III Commands 


There are three Type II] Commands: 

e READ ADDRESS—Read the next ID field (6 bytes) 
into the FDC. 

e READ TRACK—Read all bytes of the entire track, 
including gaps. 

e WRITE TRACK—Write all bytes to the entire track, 
including gaps. 

Read Address 


Upon receipt of the Read Address command, the head is 
loaded and the Busy Status Bit is set. The next en- 
countered ID field is then read in from the disk, and the 
six data bytes of the ID field are assembled and trans- 
ferred to the DR, and a DRQ is generated for each byte. 
The six bytes of the ID field are shown below: 










TRACK SIDE SECTOR SECTOR | CRC} CRC 
ADDR NUMBER | ADDRESS | LENGTH 1 2 


RE ae a a Fe eS 


Although the CRC characters are transferred to the 
computer, the FDC179X checks for validity and the CRC 





error status bit is set if there is a CRC error. The Track 
Address of the ID field is written into the sector register. 
At the end of the operation an interrupt is generated and 
the Busy Status is reset. 


Read Track 


Upon receipt of the Read Track command, the head is 
loaded and the Busy Status bit is set. Reading starts 
with the leading edge of the first encountered index 
pulse and continues until the next index pulse. As each 
byte is assembled it is transferred to the Data Register 
and the Data Request is generated for each byte. No 
CRC checking is performed. Gaps are included in the 
input data stream. The accumulation of bytes is synchro- 
nized to each Address Mark encountered. Upon com- 
pletion of the command, the interrupt is activated. RG 
is not activated during the Read Track Command. An 
internal side compare is not performed during a 
Read Track. 


Write Track 


Upon receipt of the Write Track command, the head is 
loaded and the Busy Status bit is set. Writing starts 
with the leading edge of the first encountered index 
pulse and continues until the next index pulse, at which 


COMPLETE SECTOR 


oe GAP | GAP | Go| eo | GAP ID GAP DATA | GAP 1D GaP | ovata | GaP Bata 
14 5 1 FIELD 1 2 FIELD1 | 3 | FleL_D2 | 2 FIELD2 | 3 =the 


INDEX DETECTED | | 
INDEX AM 
DR=F6 WRITE 
3 TIMES MFM ONLY 


GAP x! 1D TRACK SIDE SECTOR | SECTOR | CRC } CRC | GAP | , | DATA} DATA crc | cre 
3 : AM NUMBER { NUMBER | NUMBER | LENGTH 1 2 2 AM FIELD 


DR=FE J 


TRACK NUMBERS: 00-4A 


SINGLE SIDEO: 
DOUBLE SIDED, 
DOUBLE SIDED, 


NUMBER=00 
SIDE 0=00 
SIDE 1=01 


BYTES/SECTOR 
SECTOR NO. at ens 
O1-1A 128 256 
01-0F 256 512 
01-08 512 1024 


*DR=F5 WRITE 3 TIMES MFM ONLY 





2 BYTE CRC 
WRITTEN 
OR=FB DR=F7 


2 BYTES CRC WRITTEN 
DR=F7 


SECTOR LENGTH 


OO= 128 
O1= 256 
02= 512 
03= 1024 


Figure 2. IBM Compatible Sector/Track Format 





time the interrupt is activated. The Data Request is 
activated immediately upon receiving the command, 
but writing will not start until after the first byte has been 
loaded into the Data Register. If the DR has not been 
loaded by the time the index pulse is encountered the 
operation is terminated making the device Not Busy, the 
Lost Data Status Bit is set, and the Interrupt is activated. 
If a byte is not present in the DR when needed, a byte of 
zeros is substituted. Address Marks and CRC characters 
are written on the disk by detecting certain data byte 
patterns in the outgoing data stream as shown in the 
table below. The CRC generator is initialized when any 
data byte from F8 to FE is about to be transferred from 
the DR to the DSR in FM or by receipt of F5 in MFM. 


Disk formatting (initialization) is accomplished by the 
Write Track command. Each byte for the entire track 
must be provided for proper formatting. This includes 
gap as well as data bytes. 


The sequence required to format a diskette begins with 
positioning the Read/Write head at the desired track. 
Once this has been done, it is necessary to perform a 
Write Track command to store all the information on a 
track. The Write Track command uses DRQ to request 
each byte from the system MPU, starting with the byte at 
the beginning of the physical Index Pulse and ending 
with the last gap bytes at the end of the track. Figure 2 
illustrates the IBM standard for track formatting. 


Normally, each data byte stored on the diskette must 
be generated by the system MPU and passed into the 
FDC Data Register. However, there are exceptions to 
this rule. If a data byte of hex F5 through FE is entered 
into the Data Register, then the FDC recognizes this as 
an AM with missing clocks or CRC generation code. 
Consequently, F5 through FE must not be used in gaps, 
data fields, or ID fields, as this will disrupt normal opera- 
tion of the FDC during formatting. 


S| ae ae ee 
COMMAND 
FORCE INTERRUPT 


READY TRANSITION 


NOT-READY TRANSITION 


INDEX PULSE 


IMMEDIATE 


Type IV Commands 


Force Interrupt is the only Type IV command. This 
command permits the MPU to terminate (abort) any 
command in progress. Figure 3 tabulates the Type IV 
command option bits. 


The four bits, !o-ls, are used to select the condition of the 
interrupt occurrence. Regardless of which bit is set, any 
command currently being executed is immediately 
terminated and the Busy status bit is cleared, indicating - 
“Not Busy”. Then, when the condition is met, INTRQ 
goes high, causing the required interrupt. 


If lo-l3 are all “O”, no interrupt occurs, but any currently 
executing command is immediately terminated. If more 
than one condition is selected, then the interrupt occurs 
when any of the conditions is met. 


To clear the interrupt, it is necessary to read the Status 
Register or to write the Command Register. An exception, 
however, is for ls=1 (Immediate Interrupt). For this case, 
the interrupt is cleared with another Force Interrupt 
command with lo-ls all low. 


Status Register 


The Status Register permits the MPU to monitor a variety 
of conditions in the FDC. For each command, the 
individual status bits have their own meaning. When a 
command is initiated (except for the Force Interrupt 
command), the Busy status bit is set and the others are 
cleared or updated. If the Force Interrupt command is 
entered when another command is in progress, the 
Busy status bit is cleared, but the others remain 
unaffected. However, if the Force Interrupt command 
is initiated when there is not another command in pro- 
gress, the other status bits are cleared or updated and 
represent the Type | Command status. Figure 4 illustrates 
the meaning of the status bits for each command. 


O=No effect _ 
1=Forces INTRQ when READY input goes low-to-high 


O=No effect 
1=Forces INTRQ when READY input goes high-to-low 


O=No Effect 
1=Forces INTRQ on next INDEX pulse input 


O=No effect 
1=Forces INTRQ immediately 


Figure 3. Force Interrupt Command Flags 
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Figure 4A. Status Register Summary 


STATUS BIT 
aes ean ar eae ee ee ee eee ee eee 
ALL TYPE | 
Not Ready |__| Record Type_| Rec not Found 


a ee eal 
| Index | Busy | 
| ORQ | Busy | 

WRITE SECTOR _| Not Ready | Write Protect_| - Write Fault_| Rec not Found | CRC Error | Lost Data | DRQ | Busy 
| NotReady | oo | | Recnot Found | CRC Error | LostData_| DRQ | Busy | 
READ TRACK NotReady | oT Tf Lost Data | ORQ | Busy | 
Not Ready | Write Protect | WriteFauit_ | os | 0] Lost Data | DRQ | Busy | 





Figure 4B. Status Description for Type | Commands 


BIT|NAME | MEANING: 


S7 | NOT READY This bit when set indicates the drive is not ready. When reset it indicates that the drive is 
ready. This bit is an inverted copy of the Ready input and logically ‘ored’ with MR. 


PROTECTED When set, indicates Write Protect is activated. This bit is an inverted copy of WAPT input. 


5 | HEAD LOADED When set, it indicates the head is loaded and engaged. This bit is a logical “and” of HLD 
and HLT signals. 


SEEK ERROR When set, the desired track was not verified. This bit is reset to 0 when updated. 
CRC ERROR CRC encountered in ID field. 


2 | TRACK 00 When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted copy 
of the TROO input. 


INDEX When set, indicates index mark detected from drive. This bit is an inverted copy of the 
IP input. . ; 


Iso | BUSY When set command is in progress. When reset no command is in progress. 





Figure 4C. Status Description for Type II and Ill Commands 


IT] NAME | MEANING: 


7 | NOT READY This bit when set indicates the drive is not ready. When reset, it indicates that the drive 
is ready. This bit is an inverted copy of the Ready input and ‘ored’ with MR. The Type II 
and IIl Commands will not execute unless the drive is ready. 

WRITE PROTECT] On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a Write 

Protect. This bit is reset when updated. 


On Read Record: It indicates the record-type code from data field address mark. 
1=Deleted Data Mark. O=Data Mark. On any Write: It indicates a Write Fault. This bit is 
reset when updated. 


RECORD NOT When set, it indicates that the desired track, sector, or side were not found. This bit is reset 

FOUND (RNF) when updated. 

CRC ERROR If S4 is set, an error is found in one or more ID fields; otherwise it indicates error in data 
field. This bit is reset when updated. 


LOST DATA When set, it indicates the computer did not respond to DRQ in one byte time. This bit is 
reset to zero when updated. 


DATA REQUEST | This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read Operation 
or the DR is empty on a Write operation. This bit is reset to zero when updated. 


BUSY When set, command is under execution. When reset, no command is under execution. 
















oa 






RECORD TYPE/ 
WRITE FAULT 


wo 


+ an 









(jo) _ ie) 
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Write Data Timing: 
PARAMETER SYMBOL | MIN. | TYP. | MAX. | UNITS CONDITIONS 


Write Data Pulse Width 


Write Gate to Write Data 


Write data cyle Time 
Early (Late) to Write Data 


+CLK Error 


MFM 
Early (Late) From MFM 


Write Data 


Write Gate off from WD FM 


MFM 
CLK=1 MHZ 
CLK=2 MHZ 
CLK=1 MHZ 
CLK=2 MHZ 


WD Valid to Clk 


WD Valid after Clk 





These values are doubled when CLK=1 MHz. 


Write Data Timing 
waiecate_ f[ ~~~—SSOSOtOCStSSS 
>| Twg }~<—T¢ —>| Twp |__| Twt [-e- 
WRITE DATA | j | ‘ | 


eh 


EARLY OR LATE 
(IF ON) 


/-#—» ns —- 
CLK 





> 
=z 
=| 
= 
oe 
ws. 
a 


(MHZ) he ee SSC~sSS 
Twdt—| | 


Twa2 


pees 
i ee sealed maa ee 


Twd1 —e| 


WRITE DATA/CLOCK RELATIONSHIP 
(DDEN=0) 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ...... cece cee ree cece eee eer e tees enna eteeeeeees 0°C to + 70°C 
Storage Temperature Range ........ cece cece cece ee cee teen cent tees eeeeeeeenareees —55°C to +150°C 
Lead Temperature (Soldering, 10 SCC.) 2... cece ccc ee cee reece eee t eee e eens tees tenseeeees +325°C 
Positive Voltage on any Pin, with respect to around icdepisa er bea. a. eva ceacatiei dg ne avasa alle al viacw! aveaeces eyeal eieve ad ea tee +15V 
Negative Voltage on any Pin, with respect tO GQrOUNd ......... cece cece cece eee cert teen neenetens —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute — 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes 
or “glitches” on their outputs when the AC power is switched on and off. In addition, voltage transients on the 
AC power line may appear on the DC output. If this possibility exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vec=+5V+5%, Vop>=+12V+5% unless otherwise noted) 
PARAMETER SYMBOL MIN TYP MAX UNIT COMMENTS 


DC CHARACTERISTICS 
Input Voltage Levels 





Low Level, Vit 0.8 
High Level, Vin 2.6 
Output Voltage Levels : 
Low Level Vor 0.45 lo.=1.6 mA 
High Level Vox 2.8 lon= 100 uA 
Output Leakage, Ito 10 ; Vout=Vop 
Input Leakage, Ii. 10 Vin=Vop 
Output Capacitance 5 
Input Capacitance 10 
Power Dissipation , 500 
AC CHARACTERISTICS 
Processor Read Timing 
Address Setup Time tsetr 50 Figure 5 
Address Hold Time tHLoR 10 Figure 5 
RE Pulse Width (CL=50pF) tre 400 Figure 5 
DRQ Reset Time torr 500 Figure 5 
INTRQ Reset Time tirr 500°} 3000* Figure 5 
Data Delay Time (CL=50pF) toacc 350 Figure 5 
Data Hold Time (CL.=50pF) toon 50 150 Figure 5 
Microprocessor Write Timing 
Address Setup Time tsetw 50 Figure 6 
Address Hold Time tHLtow 10 Figure 6 
WE Pulse Width twe 350 Figure 6 
DRQ Reset Time torr 500 Figure 6 
INTRQ Reset Time tirr 500° 3000* Figure 6 
Data Setup Time tos 250 Figure 6 
Data Hold Time tox 70 Figure 6 
Disk Input Data Timing 
RAWREAD Pulse Width tow 100* 200 Figure 7, See Note 
Clock Setup Time ta 40 Figure 7 See Note 
Clock Hold Time for MFM tea 40 Figure 7 
Clock Hold Time for FM tes 40 Figure 7 
RAWREAD Cycle Time the 1500 : 1800 at 70°C, Figure 7 
RCLK High Pulse Width MFM) 4, ae | oe rae 
: MFM 0.8 1* Figure 7 
RCLK Low Pulse Width EM to 08 9° Figure 7 
RCLK Cycle Time vi te os Figure e 
Miscellaneous Timing 
CLK Low Pulse Width tcp: 230 250 20000 Figure 8 
CLK High Pulse Width — tep2 200 250 20000 Figure 8 
STEP Pulse Width BTM tere ve Figure 8 
DIRC Setup Time toir 12 Figure 8 
MR Pulse Width - tur 50* Figure 8 
IP Pulse Width tip 10° Figure 8 
WF Pulse Width twe 10° Figure 8 
CLK Cycle Time teye 0.5* Figure 8 


*: These Values are doubled when CLK=1 MHz. 
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Figure 5. 


Microprocessor 


Read Timing 


Figure 6. 


Microprocessor 


Write Timing 


Figure 7. 
Disk Input 
Timing 


Figure 8. 
Miscellaneous 
Timing 


jus * (MFM) or 32ys * (FM) 


— Torn _ 
Tin ——> 


DAto— DAL, 


jus * (MFM) or 32yus * (FM) 


16, 
— Tora aaa 


DALo— DAL7— 


RAWREAD 


Note: Pulse width on RAW READ (Pin 27) is norr.ally 10-309 ns. However, pulse may be any width if pulse is entirely 
within window. tf pulse occurs in both windows, then pulse width must be less than 300 ns for MFM at CLK =2 MHz and 
600 ns for FM at 2 MHz. Times double for 1 MHz. 


STEP IN 


[stone jo— Tsre 
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DISK FORMATS 


Disks may be formatted in IBM 3740 or System 34 
formats with sector lengths of 128, 256, 512, or 
1024 bytes. 

IBM 3740 Format 

This single-density (FM) format utilizes 128 bytes/ 
sector. The bytes to be generated by the system 
MPU for use in the execution of the Write Track 
command are shown in Figure 9. 

IBM System 34 Format 

This double-density (MFM) format utilizes 256 
bytes/sector. The bytes to be generated by the 
system MPU for use in the execution of the Write 
Track command are shown in Figure 10. 
Non-IBM Formats 


Unique (non-IBM) formats are permissible provid- 

ing the following restrictions are understood. 

e Sector length may only be 128, 256, 512, or 
1024 bytes. 


© Gap sizes must conform to Figure 11. 


COMMENTS 


Gap 5 
(Post Index) 


Index AM 


Gap 1 


ID AM 


Track Number 
(00-4C) 


Side Number 
(00 or 01) 


Sector Number 


(01-1A) 
Sector Length 
(128 bytes) 
Causes 2-Byte 
SECTOR CRC to be 
0) Written 


ONE 


Gap 2 (ID Gap) 


Data AM 
Data Field 
Causes 2-Byte 
CRC to be 
Written 
Part of Gap 3 
(Data Gap) 
Gap 4 

Figure 9. (Pre Index) 


Byte Sequence = ores: 1. THIS PATTERN MUST BE 

for IBM 3740 WRITTEN 26 TIMES PER TRACK. 

Formatting "2. CONTINUE WRITING HEX FF 
UNTIL FDC COMPLETES 
SEQUENCE AND GENERATES 
INTRQ INTERRUPT 








7 


































DATA 
BYTE ae COMMENTS 
(hex) 


Gap 5 
(Post Index) 


Writes C2 
Index AM 


Gap 1 


Writes At 





ID AM 
Track Number 
(00-4C) 

Side Number 
(00 or 01) 
Sector Number 
(01-1A) 

Sector Length 
(256 Bytes) 


Causes 2-Byte 
CRC to be 
Written 


Gap 2 (ID Gap) 


ONE 
SECTOR 


@ 


Writes A1 





Data AM 
Data Field 


Causes 2-Byte 
CRC to be 
Written 

Part of Gap 3 
(Data Gap) 
Gap 4 

(Pre Index) 


Figure 10. 
Byte Sequence 


for IBM System-34 


Formatting 





NOTES: 1. THIS PATTERN MUST BE 
WRITTEN 26 TIMES PER 
TRACK. 
2. CONTINUE WRITING HEX 


4E UNTIL FDC COMPLETES 
SEQUENCE AND GENERATES 
INTRQ INTERRUPT. 


SINGLE DOUBLE 
DENSITY DENSITY NOTE 
(FM) (MFM) 


Gap 1 16 bytes FF 16 bytes 4E 


11 bytes FF 22 bytes 4F 
6 bytes 00 12 bytes 00 
3 bytes A1 










10 bytes FF 16 bytes 4E 
4 bytes 00 8 bytes 00 
3 bytes Al 


16 bytes FF 16 bytes 4E 


NOTES: 1. THESE BYTES COUNTS ARE EXACT. 
2. THESE BYTES COUNTS ARE MINIMUM 
EXCEPT FOR 3 BYTES At, WHICH IS EXACT. 


Figure 11. Gap Size Limitations 


tions; consequently complete information sufficient for construction purposes is not necessarily given. The 


STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
CORPORATION, — 







Bid. Hauppauge, NY. 11788 


mrs §INformation has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
Ps vera assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
My 516) 273-3100 Twx-50-227-80e devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 


at any time in order to improve design and supply the best product possible. 


STANDARD MICROSYSTEMS 
——-— 


FDC 9216 


FDC 9216B 


UPC FAMILY 


Floppy Disk Data Separator 
FDDS 


FEATURES 


LC] PERFORMS COMPLETE DATA SEPARATION 


FUNCTION FOR FLOPPY DISK DRIVES 


(1 SEPARATES FM OR MFM ENCODED DATA 
FROM ANY MAGNETIC MEDIA 


C) ELIMINATES SEVERAL SSI AND 
MSI DEVICES NORMALLY USED FOR 
DATA SEPARATION 


L]NO CRITICAL ADJUSTMENTS REQUIRED 
CJ COMPATIBLE WITH STANDARD 


MICROSYSTEMS’ FDC 1791, FDC 1793 AND 


OTHER FLOPPY DISK CONTROLLERS 
L] SMALL 8-PIN DUAL-IN-LINE PACKAGE 
L]+5 VOLT ONLY POWER SUPPLY 


LCI TTL COMPATIBLE INPUTS AND OUTPUTS 


PIN CONFIGURATION 


DSKD 
SEPCLK 


REFCLK 
GND 





GENERAL DESCRIPTION 


The Floppy Disk Data Separator provides a low cost 
solution to the problem of converting a single stream of 
pulses from a floppy disk drive into separate Clock and 
Data inputs for a Floppy Disk Controller. 


The FDDS consists primarily of a clock divider, a long- 
term timing corrector, a short-term timing corrector, and 
reclocking circuitry. Supplied in an 8-pin Dual-In-Line 


CLOCK 
DIVIDER 


package to save board real estate, the FDDS operates 
on +5 volts only and is TTL compatible on all inputs 
and outputs. 


The FDC 9216 is available in two versions; the FDC 9216, 


which is intended for 5%" disks and the FDC 9216B for 
5%" and 8” disks. 


DATA/CLOCK 
SEPARATION 


EDGE 
DETECTION 
LOGIC 


LOGIC 


FLOPPY DISK DATA SEPARATOR BLOCK DIAGRAM 





— 
‘z 
=) 
on 
o 
i 
77) 





DESCRIPTION OF PIN FUNCTIONS 


[einno.[ wave —[svmso._[___runctiow 


Disk Data DSKD Data input signal direct from disk drive. Contains combined 
clock and data waveform. 

Separated Clock SEPCLK Clock signal output from the FDDS derived from floppy 
disk drive serial bit stream. 

Reference Clock REFCLK Reference clock input 

Ground GND Ground : 

Clock Divisor CDO, CDO and CD1 control the internal clock divider circuit. The 

CD1 internal clock is a submultiple of the REFCLK according to 

the following table: 


CD1 CDO Divisor 
0 1 
1 2 
0 4 
1 8 
Separated Data SEPD is the data output of the FDDS 


Power Supply +5 volt power supply 


FIGURE 1 
TYPICAL SYSTEM CONFIGURATION 
(5%" Drive, Double Density) 


4 MHz CRYSTAL 
OSCILLATOR 


REFCLK CLK 
SEPD REGENERATED DATA RAW READ 


FLOPPY 


DISK DISK DATA DSKD FDC 9216 FDC 1791 or Equiv. 


DR IVE FLOPPY DISK CONTROLLER 
: SEPCLK DERIVED CLOCK RCLK 


CDO CD1 


GND GND 





440 


OPERATION 


A reference clock (REFCLK) of between 2 and 8 MHz 
is divided by the FDDS to provide an internal clock. 
The division ratio is selected by inputs CDO and CD1. 
The reference clock and division ratio should be 
chosen per table 1. 


The FDDS detects the leading edges of the disk data 
pulses and adjusts the phase of the internal clock 
to provide the SEPARATED CLOCK output. 


Separate short and long term timing correctors 
assure accurate clock separation. 


The internal clock frequency is nominally 16 times 
the SEPCLK frequency. Depending on the internal 
timing correction, the internal clock may bea 
minimum of 12 times to a maximum of 22 times the 
SEPCLK frequency. 


The reference clock (REFCLK) is divided to provide 
the internal clock according to pins CDO and CD1. 





TABLE 1: 
CLOCK DIVIDER SELECTION TABLE 


DRIVE DENSITY REFCLK 
(8” or 5%") (DD or SD) MHz CD1 


fo) 


MoO RO HO 


|sctec either one 


Select either one 





\selectany one 


CO CO OO Oo 
1070 OR OA 0 


FIGURE 2 


INTCLK 


PE a aa —— ee 


always two internal clock cycles 


SECTION VI- 





MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ........ ccc eee cece eee e renee eee eee tence tenteeaeeeees 0°C to +70°C 
Storage Temperature RAnge ......... cece cece reece errr e eee eee eee eect ee eeenes —55°C to +150°C 
Lead Temperature (soldering, 10 SC.) 21... eee cc cee eee erect eee e tect eee tent eeenennees +325°C 
Positive Voltage on any Pin, with respect to ground ....... ccc cece cece cece e reenter ee ene tenes +8.0V 
Negative Voltage on any Pin, with respect to GroUNd ....... cc ccc ccc cece cece ee eee te eeeeeeeees —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in the 
operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or “glitches” on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta =0°C to 70°C, Vop>=+5V+5%, unless otherwise noted) 


D.C. 


INPUT VOLTAGE LEVELS 
Low Level Vit 
High Level Vin 

OUTPUT VOLTAGE LEVELS 
Low Level Vor 
High Level Vox 

INPUT CURRENT 
Leakage li 

INPUT CAPACITANCE 
All Inputs 

POWER SUPPLY CURRENT 


lop 


AC. 


Symbol 


fey 
fey 
tekH 
tex 
tspon 


tsoorF REFCLK to SEPD “OFF” Delay 


tspck 
tout 
to.H 


Parameter 
CHARACTERISTICS 


Comments 


lo.=1.6mA 
lon =—100 A 


O<=Vin=Vop 


CHARACTERISTICS 


REFCLK Frequency 
REFCLK Frequency 
REFCLK High Time 
REFCLK Low Time 
REFCLK to SEPD “ON” Delay 


FDC 9216 
FDC 9216B 


REFCLK to SEPCLK Delay 
DSKD Active Low Time 
DSKD Active High Time 





FIGURE 3: AC CHARACTERISTICS 


SEPCLK 
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STANDARD IVIICROSYSTEMS 
CORPORATION 





FDC 9229T 
FDC 9229BT 


FLOPPY DISK INTERFACE CIRCUIT 


FEATURES 
C2 Digital Data Separator 


Performs complete data separation function for floppy disk drives 


Separates FM and MFM encoded data 
No critical adjustments necessary 
51%" and 8” compatible 


L] Variable Write Precompensation 
(Internal Crystal Oscillator Circuit 
L] Track-Selectable Write Precompensation 
(J Retriggerable Head-Load Timer 


LJ Compatible with the FDC 179X, 765, and other standard 
Floppy Disk Controllers 


[] COPLAMOS® n-channel MOS Technology 
C] Single +5 Volt Supply 
(J TTL Compatible 


PIN CONFIGURATION 


DSKD 
FDCSEL 
MINI 
DENS 
SEPCLK 
SEPD 
WDOUT 
HLT/CLK 
CLKOUT 
GND 10 


TEST 
HLD 
LATE 
EARLY 
WDIN 
11 CLKIN 


1 
2 
3 
4 
5 
6 
7 
8 
9 





FUNCTIONAL DESCRIPTION 


The FDC 9229 is an MOS integrated circuit designed to 
complement either the 179X or 765 (8272) type of floppy 
disk controller chip. It incorporates a digital data separator, 
write precompensation logic, and a head-load timer in one 
0.3-inch wide 20-pin package. A single pin will configure the 
chip to work with either the 179X or 765 type of controller. 
The FDC 9229 provides a number of different dynamically 
selected precompensation values so different that values 


[\ 


MASTER L_ 4 MHz 
cl 


TOR 16 MHz 
OSCILLA 
CLKIN & LOCK 
BUFFERS 
D> SINGLE DENSITY 
Ei ill 
DATA SEPARATOR 
Le wreux GENERATOR 
HEAD-LOAD 


DATA 
SEPARATOR] $ 
CLOCK b4 

GATES 


CLKOUT 
DIVIDER 





OELAYED 
Logic ACTIVE EOGE 


FDC 9229 
BLOCK DIAGRAM 
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es 
LATCH 


PHASE 
MEMORY 


PHASE 
ERROR 
MEMORY 


OIFFERENTIATOR 
SYNCHRONIZER 





may be used when writing to the inner and outer tracks of 
the floppy disk drive. The FDC 9229 operates froma + 5V 
supply and simply requires that a TTL-level clock be con- 
nected to the CLKIN pin. All inputs and outputs are TTL 
compatible. 

The FDC 9229 is available in two versions: The FDC 
9229/T are intended for 51%” disks and the FDC 9229B/T 
for 5%" and 8” disks. 


2 
On. 
a 
o 
aro 
a7) 





SEI 


o Q TAP 
a ae 
ROM 
LATCH 

clk I 
LATCHED WRITE DATA 
PRECOMPENSATION 

| > woout 
SHIFT REGISTER 


[> 
> 


WRITE 
DATA 
TIMING 


Be. HET_GL HLT CLK 


DISK DATA 2 
Tl OUTPUT 
PETES! WAVEFORM 


REGENERATOR 


> SEPCLK 


END- 
OF-SLOT 


CENTER 
CENT EO. | FREQUENCY 
CORRECTOR 


SYNTHETIC 
OSCILLATOR 


PHASE-LOCKED 
LOOP 


ADJUST NEXT SLOT 


ie ADJUSTED | 
SLOT 


MEMORY 


PLA 





DESCRIPTION OF PIN FUNCTIONS 
DESCAIETION 







L-PINNO. | SYMBOL _ 


FDCSEL 








This input signal, when low, programs the FDC 9229 for a 179X type of 
LSI controller. When FDCSEL is high, the FDC 92291 is programmed 
for a 765 (8272) type of controller. (See fig. 4.) 


The state of this input determines whether the FDC 9229 is configured 
to support 8” or 51%" floppy disk drive interfaces. It is used in conjunction 
with the DENS input to prescale the clock for the data separator. The 
state of this input also alters the CLKOUT frequency, the 
precompensation value, the head load delay time (when in 179X mode) 
and the HLT/CLK frequency (when in 765 mode). (See figs. 2, 3, and 4.) 


The state of this input determines whether the FDC 9229 is configured 
to support single density (FM) or double density (MFM) floppy disk drive 
interfaces. It is used in conjunction with the MINI input to prescale the 
clock for the data separator. The state of this input also alters the 
CLKOUT frequency when in the 765 mode. (See figs. 2, 3, and 4.) 
A square-wave window clock signal output derived from the DSKD input. 
This output is the regenerated data pulse derived from the raw data input 
(DSKD). This signal may be either active low or active high as 
determined by FDCSEL (pin 2). 
The precompensated WRITE DATA stream to the drive. 

When in the 765 mode (FDCSEL high), this output is the master clock to 
the floppy disk controller. When in the 179X mode, this signal goes high 
after the head load delay has occured following the HLD input going 
high. This output is retriggerable. (See fig. 3.) 
This signal is the write clock to the floppy disk controller. Its frequency is 
determined by the state of the MINI, DENS, and FDCSEL input pins. 
(See fig. 3.) 





















aS 
0 
m 
Zz 
ie?) 






































HLT/CLK 


lees | 










—_ 

oO oO 
” 
m 
Uv 
O 


exall 
14 CLKIN 













WDIN ‘cae ee The write data stream from the floppy disk controller. 
to the disk. 

15 HLD This input is only used in 179X mode. A high level at this input causes a 
high level on the HLT/CLK output after the specified head-load time 
delay has elapsed. The delay is selected by the state of the MINI output. 
(See fig. 3.) 

48. fet. ib vi. 3 P2-P0 select the amount of precompensation applied to the write data. 


Ground 
This input is for direct connection to a 16 MHz or 8 MHz single-phase 
TTL-level clock. 
13 EARLY When this input is high, the current WRITE DATA pulse will be written 
early to the disk. 
14 LATE When this input is high, the current WRITE DATA pulse will be written late 
When both EARLY and LATE are low, the current WRITE DATA pulse will 
be written at the nominal position. 
16 TEST This input (when low) decreases the head-load time delay and initializes 
the data separator. This pin is for test purposes only. This input has an 
internal pull-up resistor and should be tied high or disconnected for 
normal operation. 
i a a a 

See fig. 2. 
00 lie Bie Hie Ieee ce 
| 20, | Me | | + SVOLT SUPPLY 
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OPERATION 


Data Separator 
The CLKIN input clock is internally divided by the FDC 9229 
to provide an internal clock. The division ratio is selected NETS DIVISOR 


by the FDCSEL, MINI and DENS inputs depending onthe  -FDCSEL DENS MINI f(CLKIN)A(INTCLK) _ 











type of drive used. (See fig. 1.) 0 0 0 2 
The FDC 9229 detects the leading (negative) edges of : : ; 
the disk data pulses and adjusts the phase of the internal 0 1 1 3 
clock to provide the SEPCLK output. 1 0 0 4 
Separate short- and long-term timing correctors assure 4 0 1 8 
accurate clock separation. ; 1 1 0 9 
The SEPCLK frequency is nominally “6 the internal clock 1 1 1 4 
frequency. Depending on the internal timing correction, the 
duration of any SEPCLK half-cycle may vary from a nomi- 
nal of 8 to a minimum of 6 and a maximum of 11 internal FIG. 1 
clock cycles. 
INTCLK 
SEPCLK 
| 
SEPD* | 
i 
| | 
| | *polarity of SEPD shown for FDCSEL = low. 


always two internal clock cycles 





Precompensation 


The desired precompensation delay is determined by the P VALUE 
State of the PO, Pi and P2 inputs of the FDC 9229 as per aN a is Eo nee 
fig. 2. Logic levels present on these pins may be changed 1 0 0 0 Ons 
dynamically as long as the inputs are stable during the time 1 0 0 1 125 ns 
the floppy disk controller is writing to the drive and the inputs 1 0 1 0 250 ns 
meet the minimum setup time with respect to the write data 1 0 1 1 375 ns 
from the floppy disk controller. 1 1 0 0 500 ns 
1 1 0 1 500 ns 
1 1 1 0 625 ns 
MINI =P2 _—P'1 PQ | PRECOMP VALUE 1 1 1 1 625 ns 
0 0 0 0 ‘Ons 
: : : ore ae NOTE: All values shown are obtained with a 16 MHz ref- 
0 0 { 1 187.5 is erence clock. Multiply pre-comp values by two for 
0 1 0 0 250 ns 8 MHz operation. 
0 1 0 1 250 ns 
0 1 1 0 312.5 ns FIG. 2 WRITE PRECOMPENSATION 
0 1 1 1 


312.5 ns VALUE SELECTION 
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OPERATION (CONT’D) 


Head Load Timer 


The head load time delay is either 40 ms or80ms,depend- The FDC 179X initiates the loading of the floppy disk drive 
ing on the state of MINI. (See fig. 3.) The purpose of this head by setting HLD high. The controller then waits the pro- 
delay is to ensure that the head has enoughtimetoengage § grammed amount of time until the HLT signal from the FDC 
properly. The head load timer is only used in the 179X mode; 9229 goes high before starting a read or write operation. 
itis non-functional in the 765 mode. 


INPUTS OUTPUTS 
FDCSEL DENS MINI CLKOUT _ HLT/CLK 


2 MHz 40 ms* 
1 MHz 80 ms* 
2 MHz 40 ms* 
1 MHz 80 ms* 


0 500 KHz 8 MHz 
0 - 250 KHz 4 MHz 
1 1 MHz 8 MHz 
1 500 KHz 4 MHz 


NOTE: All values shown are obtained with a 16 MHz ref- 
erence clock. Divide all frequencies and multiply all 
periods by two for 8 MHz operation. 


“May be mask programmed at factory to any value from 1 
to 512 ms in 15.625 ws increments (MINI low) or 1 to 1024 
ms in 31.25 ys increments (MINI high). 


FIG. 3 CLOCK AND HEAD LOAD 
TIME DELAY SELECTION 


_ INPUTS —sCUFLOQPPPY ISK FLOPPY DISK FLOPPY DISK 
FDCSEL DENS MINI DRIVE TYPE DRIVE DENSITY CONTROLLER TYPE 


0 8” DRIVE DOUBLE 179X 
5%" DRIVE DOUBLE 179X 
8” DRIVE SINGLE 179X 
5%" DRIVE SINGLE 179X 


8” DRIVE SINGLE 765 (8272) 
5%" DRIVE SINGLE 765 (8272) 
8" DRIVE DOUBLE 765 (8272) 
5%," DRIVE DOUBLE 765 (8272) 


FIG. 4 FLOPPY DISK DRIVE AND CONTROLLER SELECTION 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range 
Storage Temperature Range 


Lead Temperature (Soldering, 10 SCC.) .. 0... ccc eee eee eeeetnneeenees 


Positive Voltage on any I/O Pin, with respect to ground 
Negative Voltage on any I/O Pin, with respect to ground 
Power Dissipation 


o°c to + 70°C 
— 55° to + 150°C 


DL at clas ef tines ts ance Sohn + 300°C 


+8.0V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not 
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power 
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. 


ELECTRICAL CHARACTERISTICS (T, = 0°C to 70°C, Veg = 5V +5%) 

PARAMETER | MIN | TYP | MAX | UNIT 
DC CHARACTERISTICS 
INPUT VOLTAGE 

Low Level V,, -0.3 0.8 

High Level V,,, ay 0 es 
CLKIN INPUT VOLTAGE 

Low Level - pag 0.8 

High Level 2.4 | 38 bs | 
OUTPUT VOLTAGE 


Low Level Vo, 


High Level Vo, 


0.4 Vv 
2.4 V 
POWER SUPPLY CURRENT 


in 


INPUT CAPACITANCE 


10 = 
Cw 25 pF 


ELECTRICAL CHARACTERISTICS (T, = 0°C to 70°C, Vo, = 5V + 5% 


| MIN | Typ | MAX | UNIT | 


PARAMETER 


AC ELECTRICAL 
CHARACTERISTICS 


CLKIN frequency 16 16.2 
8 8.1 

CLKIN DUTY CYCLE 75 
toon 500 Fi 51 5 

250 265 

125 140 
tise 312.5 350 
t, 400 
tunec 400 
tude 562.5 625 
twany precomp value 
tsi 2x precomp value 
t 
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CONDITIONS 


Except CLKIN 


lo. = 1.6 mA except HLT/CLK 
lo. = 0.4 mA, HLT/CLK only 

— 100 »A except HLT/CLK 
— 400 pA, HLT/CLK only 


low 
lon 


Vin = 0 tO Vee 


Except CLKIN 
CLKIN only 


CONDITIONS 


All times assume CLKIN = 16 MHz unless otherwise specified) 


FDC 9229B 

FDC 9229 

FDCSEL = low; MINI = high. 
FDCSEL = low; MINI = low. 
FDCSEL = high. 


Time Doubles with MINI = 1 


9 clock times + 1 clock time 
See fig. 2 
See fig. 2 





AC TIMING CHARACTERISTICS 


HLT/CLK (765 MODE) WDOUT PULSE WIDTH 


4or8 MHz 


CLKOUT VS. WDIN TIMING 
179X MODE 
CLKOUT 


oI 
WDIN 


1, 2, or 4 psec. 
765 (8272) MODE 


CLKOUT 


SET-UP TIME PO, P1 AND P2 TO WDIN 


CLKOUT 
PO, P1, P2 


CLKOUT 


CLKOUT 
(179X) 


CLKOUT 
(765) 


WDOUT (EARLY) 


WDOUT (NOMINAL) 


rer 
WDOUT (LATE) 


Ref. to Fig. 2 for 
t, (precompensation) 
value 


PRECOMPENSATION 
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TYPICAL SYSTEM IMPLEMENTATION—765 (8272) FDC 


765 (8272) 


WP/TS 


FLT/TRO 


AW/SEEK 
FR/STP 


LCT/DIR 


US1 
USO 


HDL 
RDY FDC9229 
IDX 


TEST 


FDCSEL 
WDOUT 

WDIN 

EARLY 

LATE 

SEPCLK DSKD 


SEPD 


HD 


MINI 
DENS 
CLKOUT 
HLT/CLK 
CLKIN 


16 MHz 
TTL INPUT 


*The FDC9229/B, as all other NMOS integrated circuits, presents a high 
impedance on all inputs. 

To avoid soft errors caused by transmission line effects and noise where 
there is long cabling between the floppy disk drive and the controller board, the 
use of a (non-inverting) TTL schmidt-trigger input gate or bus transceiver is 
recommended at the DSKD input to the FDC9229/B. 
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TYPICAL SYSTEM IMPLEMENTATION—179X FDC 


SEPD 
HLT/CLK DSKD 


INTR 
BG SEPCLK FDCSEL 


DRQ 
RE 
WE 
Cs 
Al 
AO 
MR 


“The FDC9229/B, as all other NMOS integrated circuits, presents a high 
impedance on all inputs. 

To avoid soft errors caused by transmission line effects and noise where 
there is long cabling between the floppy disk drive and the controller board, the 
use of a inoe venting! TTL creda input gate or bus transceiver is 
recommended at the DSKD input to the FDC9229/B. 





Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- ° 


STANDARD MICROSYSTEMS tions; consequently complete information sufficient for construction purposes is not necessarily given. The 


information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 


a Ys gen devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
{516) 273-3100 TWX- 510-227-8898 


at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
—_— 









FDC 9791 
FDC 9793 
FDC 9795 
FDC 9797 


Floppy Disk uPC FAMILY 
Conitroller/Formatter 
FDC 


FEATURES 


CL] +5 VOLT ONLY VERSION OF FDC179X-02 
L] SOFT SECTOR FORMAT COMPATIBILITY 
[] AUTOMATIC TRACK SEEK WITH VERIFICATION 
CL] ACCOMMODATES SINGLE AND DOUBLE 
DENSITY FORMATS 
. IBM 3740 Single Density (FM) 
IBM System 34 Double Density (MFM) 
L] READ MODE 
Single/Multiple Sector Read with Automatic Search 
or Entire Track Read 
Selectable 128 Byte or Variable Length Record 
L] WRITE MODE 
Single/Multiple Sector Write with Automatic Sector 
Search 
Entire Track Write for Diskette Initialization 
(] PROGRAMMABLE CONTROLS 
Selectable Track to Track Stepping Time 
Side Select Compare 
CL] SYSTEM COMPATIBILITY 
Double Buffering of Data 8 Bit Bi-Directional Bus for 
Data, Control and Status 
DMA or Programmed Data Transfers 
All Inputs and Outputs are TTL Compatible 
On-chip Track and Sector Registers/Comprehensive 
Status Information 
L] WRITE PRECOMPENSATION (MFM AND FM) 
L] SIDE SELECT LOGIC (FDC 9795, FDC 9797) 
CL] WINDOW EXTENSION (IN MFM) 


PIN CONFIGURATION 


*INVERTED BUS FOR FDC 9791, FDC 9795 
PACKAGE: 40 pin D.I.P. 





= 
= 
[*) 
tu 
”- 





L] INCORPORATES ENCODING/DECODING 
AND ADDRESS MARK CIRCUITRY 
L] COMPATIBLE WITH FDC 179X-02 
L] COPLAMOS® n-CHANNEL MOS TECHNOLOGY 
CL] COMPATIBLE WITH THE FDC 9216 FLOPPY DISK 
DATA SEPARATOR 


GENERAL DESCRIPTION 


The FDC 979X is an MOS/LSI device which performs the 
functions of a Floppy Disk Controller/Formatter in a sin- 
gle chip implementation. The basic FDC 979X chip design 
has evolved into four specific parts: FDC 9791, FDC 9793, 
FDC 9795, and the FDC 9797. 


This FDC family performs all the functions necessary 
to read or write data to any type of floppy disk drive. 
Both 8” and 514” (mini-floppy) drives with single or double 
density storage capabilities are supported. These n- 
channel MOS/LSI devices will replace a large amount of 
discrete logic required for interfacing a host processor to 
a floppy disk. 


The FDC 9791 is IBM 3740 compatible in single density 
mode (FM) and System 34 compatible in double density 
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mode (MFM). The FDC 9791 contains enhanced fea- 
tures necessary to read/write and format a double 
density diskette. These include address mark detection, 
FM and MFM encode and decode logic, window exten- 
sion, and write precompensation. 


The FDC 9793 is identical to the FDC 9791 except the 
DAL lines are TRUE for systems that utilize true data 
busses. 


The FDC 9795 adds side select logic to the FDC 9791. 
The FDC 9797 adds the side select logic to the FDC 9793. 


The processor interface consists of an 8 bit bidirectional 
bus for data, status, and control word transfers. This fam- 
ily of controllers is configured to operate on a multiplexed 
bus with other bus-oriented devices. 


FDC 979X BLOCK DIAGRAM 


DATA OUT 
BUFFERS 


DATA COMMAND SECTOR TRACK STATUS 
REG REG REG 3 Rl REG Sa REG 


DATA T 
ca el Gl 
REG 
ra S| — ——— ay 
DE (eae eee Fe 
AM 
OETECTOR 


CRC LGGIC 


WRITE DATA 
{TO DISK) 


COMPUTER CONTROL PLA CONTROL DISK 
INTERFACE CONTROL INTERFACE 
CONTROL (230 x 16) CONTROL 


RAW READ 


=> 


S 
E 


cs 
WE 


FLOPPY DISK 
CONTROLLER/ 
FORMATTER 


INTRQ 


DMACVZOO 
m<-DO XM-O <vDVOrN 


mor nymAZz— 


ONE SHOT 


SYSTEM BLOCK DIAGRAM ii (IF USED) 
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DESCRIPTION OF PIN FUNCTIONS 





NAME SYMBOL 





FUNCTION 








NO CONNECTION NC 





GROUND Vss 














This pin is internally connected to the substrate bias generator and 
must be left open. 








Ground 





POWER SUPPLY 
NO CONNECTION 








MASTER RESET 








+5V 





This pin is not connected. 








A logic low on this input resets the device and loads HEX 03 into 
the command register. The Not Ready (Status Bit 7) is reset during 
MR ACTIVE. When MR is brought to a logic high a Restore 
Command is executed, regardless of the state of the Ready signal 
from the drive. Also, HEX 01 is loaded into the sector register. 





COMPUTER INTERFACE: 








WRITE ENABLE 


CHIP SELECT eal 
READ ENABLE aa 


REGISTER SELECT AO, At 
LINES 


DATA ACCESS LINES DALO- 
DAL7 


i a ad 


DATA REQUEST 





INTERRUPT REQUEST 





FLOPPY DISK INTERFACE: 








A logic low on_this input gates data on the DAL into the selected 
register when CS is low. 





A logic low on this input selects the chip and the parallel 
data bus (DAL). 


A logic low on this input controls the placement of data from a 
selected register on DALZ-DAL7 when CS is low. 





These inputs select the register to receive/transfer data on the DAL 
lines under RE and WE control: 


Status Reg Command Reg 
Track Reg Track Reg 
Sector Reg Sector Reg 
Data Reg Data Reg 


Eight bit Bidirectional bus used for transfer of data, control, and 
status. This bus is a receiver enabled by WE or a transmitter 

enabled by RE. The Data Bus is inverted on the FDC 9791, FDC 9792 
and FDC 9795. 


g 


i’ en | 


This input requires a free-running square wave clock for internal 
timing reference, 2 MHz for 8” drives, 1 MHz for 5%” drives. 


>" 
7 
_ 
a > oa 
uu 
1” is 


ao CSS 








This open drain output indicates that the DR contains assembled 
data in Read operations, or the DR is empty in Write operations. 
This signal is reset when serviced by the computer through reading 
or loading the DR in Read or Write operations, respectively. Use a 
10K pull-up resistor to +5V. 








This open drain output is set at the completion or termination 

of any operation and is reset when a new command is loaded into 
the command register or the status register is read. Use a 10K 
pull-up resistor to +5V. 








15 STEP 


Step and direction motor control. The step output contains a pulse 
for each step. 








16 DIRECTION 





Direction Output is active high when stepping in, active low when 
stepping out. 





EARLY 





Indicates that the write data pulse occurring while Early is active 
(high) should be shifted early for write precompensation. 





LATE 


Indicates that the write data pulse occurring while Late is active 
(high) should be shifted late for write precompensation. 





TEST 


This input is used for testing purposes only and should be tied to 
+5V or left open by the user unless interfacing to voice coil 
actuated motors. 





HEAD LOAD TIMING 





When a logic high is found on the HLT Tipu the head | iS Saesimed 
to be engaged. 
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NAME 


READ GATE (9791/3) 


SIDE SELECT OUTPUT 
(9795, 9797) 


_ READ CLOCK 


RAW READ 


TRACK GREATER 
THAN 43 


WRITE GATE 
WRITE DATA 


READY 


33 WRITE FAULT/ 
VFO ENABLE 


25 

25 

27 

30 

31 

32 
TRACK 00 
INDEX PULSE 
WAITE PROTECT 
DOUBLE DENSITY 


SYMBOL FUNCTION 
RG 


A high level on this output indicates to the data separator circuitry 
that a field of zeros (or ones) has been encountered, and is used 
for synchronization. 


The logic level of the Side Select Output is directly controlled by 
the ‘S’ flag in Type It or II] commands. When S=1, SSO is set to 
a logic 1. When S=0, SSO is set to a logic 0. The Side Select Output 
is only updated at the beginning of a Type II or II command. It is 
forced to a logic 0 upon a MASTER RESET condition. 


A nominal square-wave clock signal derived from the data stream 
must be provided to this input. Phasing (i.e. RCLK transitions) 
relative to RAW READ is important but polarity (RCLK high or low) 


The data input signal directly from the drive. This input shall be a 
negative pulse for each recorded flux transition. 


The HLD output controls the loading of the Read-Write head 
against the media. 


This output informs the drive that the Read/Write head is positioned 
between tracks 44-76. This output is valid only during Read and 
Write Commands. 


WG This output is made valid before writing is to be performed 
on the diskette. 
WD 


A 250 ns (MFM) or 500 ns (FM) pulse per flux transition. WD contains 
the unique Address marks as well as data and clock in both FM and 
MFM formats. 


This input indicates disk readiness and is sampled for a logic high 
before Read or Write commands are performed. If Ready is low the 
Read or Write operation is not performed and an interrupt is 
generated. Type | operations are performed regardless of the state 
of Ready. The Ready input appears in inverted format as Status 
Register bit 7. 

WF/VFOE | This is a bi-directional signal used to signify writing faults at the 
drive, and to enable the external PLO data separator. When WG = 1, 
Pin 33 functions as a WF input. If WF =0, any write command will 
immediately be terminated. When WG = 0, Pin 33 functions as a 
VFOE output. VFOE will go low during a read operation after the 
head has loaded and settled (HLT = 1). On the 9795/7, it will remain 
low until the last bit of the second CRC byte in the ID field. VFOE 
will then go high until 8 bytes (MFM) or 4 bytes (FM) before the 
Address Mark. It will then go active until the last bit of the second 
CRC byte of the Data Field. On the 9791/3, VFOE will remain low 
until the end of the Data Field. 


TROO This input informs the FDC 979X that the Read/Write head is 
positioned over Track 00. 
This input informs the FDC 979X when the index hole is encountered 
on the diskette 


This input is sampled whenever a Write Command is received. 
A logic low terminates the command and sets the Write Protect 
Status bit. 


This pin selects either single or double density operation. When 
DDEN =0, double density is selected. When DDEN = 1, single 
density is selected. 
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FUNCTIONAL DESCRIPTION 


The FDC 979X major functional blocks are as follows: 


Data Shift Register — This 8-bit register assembles serial 
data from the Read Data input (RAW READ) during 
Read operations and transfers serial data to the Write 
Data output during Write operations. 


Data Register — This 8-bit register is used as a holding 
register during Disk Read and Write operations. In Disk 
Read operations the assernbled data byte is transferred 
in parallel to the Data Register from the Data Shift 
Register. In Disk Write operations information is trans- 
ferred in parallel from the Data Register to the Data 
Shift Register. 


When executing the Seek command the Data Register 
holds the address of the desired Track position. This 
register is loaded from the DAL and gated onto the DAL 
under processor control. 


Sector Register (SR)—This 8-bit register holds the 
address of the desired sector position. The contents 
of the register are compared with the recorded sector 
number in the ID field during disk Read or Write opera- 
tions. The Sector Register contents can be loaded from 
or transferred to the DAL. This register should not be 
loaded when the device is busy. 


Command Register (CR)— This 8-bit register holds the 
command presently being executed. This register should 
not be loaded when the device is busy unless the new 
command is a Force Interrupt. The command register 
can be loaded from the DAL, but not read onto the DAL. 
Status Register (STR) — This 8-bit register holds device 
Status information. The meaning of the Status bits is a 
function of the type of command previously executed. 


This register can be read onto the DAL, but not loaded 
from the DAL. 


CRC Logic— This logic is used to check or to generate 
the 16-bit Cyclic Redundancy Check (CRC). The poly- 
nomial is: G(x) =x'@+x'@+x5+1. 

Track Register— This 8-bit register holds the track 
number of the current Read/Write head position. It is 
incremented by one every time the head stepped in 
(towards track 76) and decremented by one when the 
head is stepped out (towards track 00). The contents 
of the register are compared with the recorded track 
number in the ID field during disk Read, Write, and 
Verify operations. The Track Register can be loaded 
from or transferred to the DAL. This Register should not 
be loaded when the device is busy. 


The CRC includes all information starting with the 
address mark and up to the CRC characters. The CRC 
register is preset to ones prior to data being shifted 
through the circuit. 


Arithmetic/Logic Unit (ALU)—The ALU is a serial 
comparator, incrementer, and decrementer and is used 
for register modification and comparisons with the disk 
recorded ID field. 


Timing and Contro!—All computer and Floppy Disk 
Interface controls are generated through this logic. The 
internal device timing is generated from an external 
crystal clock. 

AM Detector—The address mark detector detects ID, 
data and index address marks during ready and 
write operations. 





OPERATION 


FDC 9791, FDC 9793, FDC 9795 and FDC 9797 have two 
modes of operation according to the state of DDEN (Pin 
37). When DDEN = 1, single density is selected. In either 
case, the CLK input (Pin 24) is at 2 MHz. However, when 
interfacing with the mini-floppy, the CLK input is set at 1 
MHz for both single density and double density. When the 
clock is at 2 MHz, the stepping rates of 3, 6, 10 and 15 ms 
are obtainable. When CLK equals 1 MHz these times are 
doubled. 





Disk Read Operation 


Sector lengths of 128, 256, 512 or 1024 are obtainable in 
either FM or MFM formats. For FM, DDEN should be 
placed to logical ‘1’. For MFM formats, DDEN should be 
placed to a logical “0”. Sector lengths are determined at 
format time by a special byte in the “ID” field. If this Sec- 
tor length byte inthe ID fieldis zero, then the sector length 
is 128 bytes. If 01 then 256 bytes. If 02, then 512 bytes. If 
03, then the sector length is 1024 bytes. The number of 
sectors per track can be from 1 to 255 sectors. The num- 
ber of tracks is from 0 to 255 tracks. 

For read operations, the FDC 979X requires RAW READ 
Data (Pin 27) signal whichis a 250 ns pulse per flux tran- 
sition and a Read clock (RCLK) signal to indicate flux 
transition spacings. The RCLK (Pin 26) signal is 
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provided by some drives but if not, it may be derived 
externally by Phase lock loops, one shots, or counter 
techniques. In addition, a Read Gate Signal is provided 
as an output (Pin 25) which can be used to inform phase 
lock loops when to acquire synchronization. When read- 
ing from the media in FM, RG is made true when 2 bytes 
of zeroes are detected. The FDC 979X must find an 
address mark within the next 10 bytes; otherwise RG is 
reset and the search for 2 bytes of zeroes begins all over 
again. If an address mark is found within 10 bytes, RG 
remains true as long as the FDC 979xX is deriving any 
useful information from the data stream. Similarly for 
MFM, RG is made active when 4 bytes of “00” of “FF” are 
detected. The FDC 979X must find an address mark 
within the next 16 bytes, otherwise RG is reset and 
search resumes. 
During read operations (WG =0), the VFOE (Pin 33) is 
provided for phase lock loop synchronization. VFOE will 
go active when: 

a) Both HLT and HLD are True 

b) Settling Time, if programmed, has expired 

_c) The 979X is inspecting data off the disk 
lf WF/VFOE is notused, leave openortie toa 10K resistor 
to +5, 


On Disk Read operations the Data Request is activated 
(set high) when an assembled serial input byte is 








Fo 027 


=e 





>, 
=: 
2: 
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transferred in parallel to the Data Register. This bit 
is cleared when the Data Register is read by the pro- 
cessor. If the Data Register is read after one or more 
characters are lost by having new data transferred into 
the register prior to processor readout, the Lost Data bit 
is set in the Status Register. The Read operation con- 
tinues until the end of sector is reached. 


Disk Write Operation 


When writing is to take place on the diskette the Write 
Gate (WG) output is activated, allowing current to flow 
into the Read/Write head. As a precaution against 
erroneous writing the first data byte must be loaded into 
the Data Register in response to a Data Request from the 
FDC 979X before the Write Gate signal can be activated. 


Writing is inhibited when the Write Protect input is a 
logic low, in which case any Write command is immedi- 
ately terminated, an interrupt is generated and the Write 
Protect status bit is set. The Write Fault input, when 
activated, signifies a writing fault condition detected 
in disk drive electronics such as failure to detect write 
current flow when the Write Gate is activated. On detec- 
tion of this fault the FDC 979X terminates the current 
command, and sets the Write Fault bit (bit 5) in the Status 
Word. The Write Fault input should be made inactive 
when the Write Gate output becomes inactive. 


For write operations, the FDC 979X provides Write Gate 
(Pin 30) and Write Data (Pin 31) outputs. Write data 
consists of a series of 500 ns pulses in FM (DDEN=1) 


and 250 ns pulses in MFM (DDEN=0). Write Data pro- 
vides the unique address marks in both formats. 


Also during write, two additional signals are provided 
for write precompensation. These are EARLY (Pin 17) 
and LATE (Pin 18). EARLY is active true when the WD 
pulse appearing on (Pin 30) is to be written early. LATE 
is active true when the WD pulse is to be written LATE. 
If both EARLY and LATE are low when the WD pulse is 
present, the WD pulse is to be written at nominal. Since 
write precompensation values vary from disk manu- 
facturer to disk manufacturer, the actual value is 
determined by several one shots or delay lines which are 
located external to the FDC 979X. The write precompen- 
sation signals EARLY and LATE are valid for the duration 
of WD in both FM and MFM formats. 


On Disk Write operations the Data Request is activated 
when the Data Register transfers its contents to the 
Data Shift Register, and requires a new data byte. It is 
reset when the Data Register is loaded with new data by 
the processor. If new data is not loaded at the time the 
next serial byte is required by the Floppy Disk, a byte 
of zeroes is written on the diskette and the Lost Data 
bit is set in the Status Register. 


At the completion of every command an INTRQ is 
generated. INTRQ is reset by either reading the status 
register or by loading the command register with a new 
command. In addition, INTRQ is generated if a Force 
Interrupt command condition is met. 





COMMAND WORDS 


The FDC 979X will accept eleven commands. Command 
words should only be loaded in the Command Register 
when the Busy status bit is off (Status bit 0). The one 
exception is the Force Interrupt command. Whenever 
a command is being executed, the Busy status bit is set. 
When a command is completed, an interrupt is gener- 
ated and the Busy status bit is reset. The Status Register 
indicates whether the completed command encountered 
an error or was fault free. For ease of discussion, 
commands are divided into four types. Commands and 
types are summarized in Table 1. 


Table 1. Command Summary 
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Type | Commands 


The Type | Commands are Restore, Seek, Step, Step-In, 
and Step-Out. Each of the Type ! Commands contains a 
rate field (ror:), which determines the stepping motor 
rate as defined in Table 2. 


The Type | Commands contain a head load flag (h) which 
determines if the head is to be loaded at the beginning 
of the command. If h=1, the head is loaded at the 
beginning of the command (HLD output is made active). 
lf h=0, HLD is deactivated. Once the head is loaded, 
the head willremain engaged until the FDC 979X receives 
a command that specifically disengages the head. If 
the FDC 979xX is idle (busy = 0) for 15 revolutions of the 
disk, the head will be automatically disengaged (HLD 
made inactive). 


The Type | Commands also contain a verification (V) 
flag which determines if a verification operation is to 
take place on the destination track. If V=1, a verification 
is performed, if V=O, no verification is performed. 


During verification, the head is loaded and after an 
internal 15 ms delay, the HLT input is sampled. When 
HL7 is active (logic true), the first encountered ID field 
if read off the disk. The track address of the ID field is 
then compared to the Track Register; if there is amatch 
and a valid ID CRC, the verification is complete, an 
interrupt is generated and the Busy status bit is reset. If 
there is not a match but thereis valid ID CRC, aninterrupt 


is generated, and Seek Error Status bit (Status bit 4) is 
set and the Busy status bit is reset. If there is a match but 
not a valid CRC, the CRC error status bit is set (Status 
bit 3), and the next encountered ID field is read from the 
disk for the verification operation. If an ID field with a 
valid CRC cannot be found after four revolutions of the 
disk, the FDC 979X terminates the operation and sends 
an interrupt (INTRQ). 


The Step, Step-In, and Step-Out commands contain an 
Update flag (u). When u=1, the track register is updated 
by one for each step. When u=0, the track register is 
not updated. 


On the FDC 9795/7 devices, the SSO output is not 
affected during Type 1 commands, and an internal side 
compare does not take place when the (V) Verify Flag 
is on. 


Restore (Seek Track 0) 


Upon receipt of this command the Track 00 (TROO) 
input is sampled. if TROO is active low indicating the 
Read-Write head is positioned over track 0, the Track 
Register is loaded with zeroes and an interrupt is gener- 
ated. If TROO is not active low, stepping pulses (pins 15 
to 16) at a rate specified by the riro field are issued until 
the TROO input is activated. At this time the Track 
Register is loaded with zeroes and an interrupt is gener- 
ated. If the TROO input dogs not go active low after 255 
stepping pulses, the FDC 979X terminates operation, 
interrupts, and sets the Seek error status bit. A verification 
operation takes place if the V flag is set. The h bit allows 
the head to be loaded at the start of command. Note that 
the Restore command is executed when MR goes from 
an active to an inactive state. 


Seek 


This command assumes that the Track Register contains 
the track number of the current position of the Read- 
Write head and the Data Register contains the desired 
track number. The FDC 979X will update the Track 
register and issue stepping pulses in the appropriate 
direction until the contents of the Track register are 
equal to the contents of the Data Register (the desired 
track location). A verification operation takes place if the 
V flag is on. The h bit allows the head to be loaded at the 
start of the command. An interrupt is generated at the 
completion of the command. 








Step 


Upon receipt of this command, the FDC 979X issues one 
stepping pulse to the disk drive. The stepping motor 
direction is the same as in the previous step command. 
After a delay determined by the riro field, a verification 
takes place if the V flag is on. If the u flag is on, the Track 
Register is updated. The h bit allows the head to be 
loaded at the start of the command. An interrupt is 
generated at the completion of the command. 


Step-In 

Upon receipt of this command, the FDC 979X issues one 
stepping pulse in the direction towards track 76. If the 
u flag is on, the Track Register is incremented by one. 
After a delay determined by the riro field, a verification 
takes place if the V flag is on. The h bit allows the head to 
be loaded at the start of the command. An interrupt is 
generated at the completion of the command. 
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Step-Out 


Upon receipt of this command, the FDC 979X issues one 
stepping pulse in the direction towards track 0. If the 
u flag is on, the Track Register is decremented by one. 
After a delay determined by the rito field, a verification 
takes place if the V flag is on. The h bit allows the head to 
be loaded at the start of command. An interrupt is 
generated at the completion of the command. 


Head Positioning 

The period of each positioning step is specified by the 
r field in bits 1 and 0 of the command word. After the 
last directional step an additional 15 milliseconds of 
head settling time takes place if the Verify flag is set in 
Type | commands. Note that this time doubles to 30 ms 
for a 1 MHz clock. If TEST=0, there is zero settling time. 
There is also a 15 ms head settling time if the E flag is set 
in any Type II or Ill command. 


The rates (shown in Table 2) can be applied to a Step- 
Direction Motor through the device interface. 


Step — A 2 us (MFM) or 4 us (FM) pulse is provided as an 
output to the drive. For every step pulse issued, the 
drive moves one track location ina direction determined 
by the direction output. 


Direction (DIRC)— The Direction signal is active high 
when stepping in and low when stepping out. The Direc- 
tion signal is valid 12 us before the first stepping pulse 
is generated. 


When a Seek, Step or Restore command is executed an 
optional verification of Read-Write head position can be 
performed by setting bit 2 (V=1) in the command word 
to a logic 1. The verification operation begins at the end 
of the 15 millisecond settling time after the head is 
loaded against the media. The track number from the 
first encountered ID Field is compared against the 
contents of the Track Register. If the track numbers 
compare and the ID Field Cyclic Redundancy Check 
(CRC) is correct, the verify operation is complete and an 
INTRQ is generated with no errors. The FDC 979X must 
find an ID field with correct track number and correct 
CRC within 5 revolutions of the media; otherwise the 
seek error is set and an INTRQ is generated. 





Table 2. Stepping Rates 


1MHz 1MHz 2MHz~— 1 MHz 
0 1 xX x 


CLK: 2@MHz 2MHz 
DDEN: 0 1 





to TEST=1 TEST=1 TEST=1 TEST=1 TEST=0 TEST=0 





6 ms 
12 ms 
20 ms 
30 ms 


6 ms 
12 ms 
20 ms 
30 ms 


368ys 
380yus 
396s 
416us 


3 ms 
6 ms 
10 ms 
15 ms 


3 ms 
6 ms 
10 ms 
15 ms 


184s 
190us 
198s 
208.s 


The Head Load (HLD) output controls the movement of 
the read/write head against the media. HLD is activated 
at the beginning of a Type | command if the h flag is 
set (n= 1), at the end of the Type | command if the verify 
flag (V=1), or upon receipt of any Type Il or III command. 
Once HLD is active it remains active until either a Type | 
command is received with (h=0 and V=0); or if the 
FDC 979xX is in an idle state (non-busy) and 15 index 
pulses have occurred. 


Head Load Timing (HLT) is an input to the FDC 979X 


which is used for the head engage time. When HLT = 1, 
the FDC 979X assumes the head is completely engaged. 





The head engage time is typically 30 to 100 ms depend- 
ing on drive. The low to high transition on HLD is 
typically used to fire a one shot. The output of the one 
shot is then used for HLT and supplied as an input to 
the FDC 979X. 


HLD 


}<s—50 TO 100mS —a} 


HLT (FROM ONE SHOT) 


Head Load Timing 


When both HLD and HLT are true, the FDC 979X willthen 
read from or write to the media. The “and” of HLD and 
HLT appears as a status bit in Type | status. 


TYPE | COMMANDS FLAG SUMMARY 


h=Head Load Flag (Bit 3) 


h=1, Load head at beginning 
h=0, Unload head at beginning 


V= Verify flag (Bit 2) 


V=1, Verify on destination track 


V=0, No verify 
rifo= Stepping motor rate (Bits 1-0) 
Refer to Table 2 for rate summary 


u= Update flag (Bit 4) 


u=1, Update Track register 
u=0, No update 


Type Il Commands 


The Type Il Commands are the Read Sector and Write 
Sector commands. Prior to loading the Type I! Command 
into the Command Register, the system must load the 
Sector Register with the desired sector number. Upon 
receipt of the Type !| command, the busy status Bit is 
set. If the E flag=1 (this is the normal case) HLD is made 
active and HLT is sampled until true after a 15 msec delay. 
If the E flag is 0, HLD is made active and HLT is sampled 
with no delay until true. The ID field and Data Field 
format are shown below. 


When an ID field is located on the disk, the FDC979X 
compares the Track Number on the !D field with the 
Track Register. If there is not a match, the next encountered 
ID field is read and a comparison is again made. If there 








is a match, the Sector Number of the ID field is compared 
with the Sector Register. If there is not a Sector match, 
the next encountered ID field is read off the disk and 
comparisons again made. If the ID field CRC is correct, 
the data field is then located and will be either written 
into, or read from depending upon the command. The 
FDC 979X must find an ID field with a Track number, 
Sector number, side number, and CRC within four 
revolutions of the disk; otherwise, the Record not found 
status bit is set (Status bit 3) and the command is ter- 
minated with an interrupt. 


Each of the Type Il Commands contains an (m) flag 
which determines if multiple records (sectors) are to be 
read or written, depending upon the command. If m=0, 
a single sector is read or written and an interrupt is 
generated at the completion of the command. If m=1, 
multiple records are read or written with the sector 
register internally updated so that an address verification 
can occur on the next record. The FDC 979X will read 
orwrite multiple records starting with the sector presently 
in the sector register. The FDC 979X will continue to read 
or write multiple records and update the sector register 
until the sector register exceeds the number of sectors 
on the track or until the Force Interrupt command is 
loaded into the Command Register, which terminates 
the command and generates an interrupt. 


If the Sector Register exceeds the number of sectors on 
the track, the Record-Not-Found status bit will be set. 


The Type Il commands also contain side select compare 
flags. When C=O, no side comparison is made. When 
C=1, the LSB of the side number is read off the ID 
Field of the disk and compared with the contents of 
the (S) flag. If the S flag compares with the side number 
recorded in the ID field, the 979X continues with the ID 
search. If a comparison is not made within 5 index 
pulses, the interrupt line is made active and the Record- 
Not-Found status bit is set. 


The FDC 9795/7 READ SECTOR and WRITE SECTOR 
commands include a ‘b’ flag. The ‘b’ flag, in conjunction 
with the sector length byte of the ID Field, allows different 
byte lengths to be implemented in each sector. For IBM 
compatability, the ‘b’ flag should be set to a one. The 
‘s’ flag allows direct control over the SSO Line (Pin 25) 
and is set or reset at the beginning of the command, 
dependent upon the value of this flag. 


Sector Length Table (9791/3 only) 


Sector Length Number of Bytes 
Field (hex) in Sector (decimal) 








Field Format 





GAP} ID | TRACK SIDE SECTOR | SECTOR } CRC | CRC | GAP} DATA CRC |C 
lil | AM | NUMBER | NUMBER} NUMBER | LENGTH | _ 1 2 I AM _| DATA FIELD 1 2 


ID FIELD DATA FIELD 






RC 


In MFM only, IDAM and DATA AM are preceded by three bytes of A1 with clock transition between bits 4 and 5 missing. 
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Read Sector 


Upon receipt of the Read Sector command, the head is 
loaded, the Busy status bit set, and when an ID field 
is encountered that has the correct track number, 
correct sector number, correct side number, and correct 
CRC, the data field is presented to the computer. The 
Data Address Mark of the data field must be found within 
30 bytes in single density and 43 bytes in double density 
of the last ID field CRC byte; if not, the Record-Not- 
Found status bit is set and the operation is terminated. 


When the first character or byte of the data field has 
been shifted through the DSR, it is transferred to the DR, 
and DRQ is generated. When the next byte is accumu- 
lated in the DSR, it is transferred to the DR and another 
DRQ is generated. If the Computer has not read the 
previous contents of the DR before a new character is 
transferred that character is lost and the Lost Data 
Status bit is set. This sequence continues until the com- 
plete data field has been inputted to the computer. If 
there is a CRC error at the end of the data field, the 
CRC error status bit is set, and the command is termi- 
nated (even if it is a multiple record command). 

At the end of the Read operation, the type of Data 
Address Mark encountered in the data field is recorded 
in the Status Register (Bit 5) as shown below: 


STATUS 
BIT 5 
1 Deleted Data Mark 
0 Data Mark 


COMMAND 


READ SECTOR 
WRITE SECTOR 





DATA ADDRESS MARK (ao) 


F, (9791/3) SIDE COMPARE FLAG (C) 


F, (9795/7) SIDE SELECT FLAG (S) 


DELAY (cE) | O=No 


F, (9791/3) SIDE SELECT FLAG (S) 


F, (9795/7) SECTOR LENGTH FLAG (b)[ $= 


MULTIPLE SECTORS (m) 


Write Sector 


Upon receipt of the Write Sector command, the head 
is loaded (HLD active) and the Busy status bit is set. 
When an ID field is encountered that has the correct 
track number, correct sector number, correct side 
number, and correct CRC, a DRQ is generated. The 
FDC 979X counts off 11 bytes in single density and 22 
bytes in double density from the CRC field and the Write 
Gate (WG) output is made active if the DRQ is serviced 
(i.e., the DR has been loaded by the computer). If DRQ 
has not been serviced, the command is terminated and 
the Lost Data status bit is set. If the DRQ has been ser- 
viced, the WG is made active and six bytes of zeros in 
single density and 12 bytes in double density are then 
written on the disk. At this time the Data Address Mark 
is then written on the disk as determined by the ao field 
of the command as shown below: 


ao Data Address Mark (Bit 0) 
1 Deleted Data Mark 
0 Data Mark 


The FDC 979X then writes the data field and generates 
DRQ's to the computer. If the DRQ is not serviced in 
time for continuous writing the Lost Data Status Bit is 
set and a byte of zeros is written on the disk. The com- 
mand is not terminated. After the last data byte has been 
written on the disk, the two-byte CRC is computed 
internally and written on the disk followed by one byte 
of logic ones in FM or in MFM. The WG output is 
then deactivated. 


0=Write hex FB (data) into Data Address Mark field 
1=Write hex F8 (deleted data) into Data AM field 


0=Side number not tested 
1=Side number tested 


0=Update SSO to 0 
1=Update SSO to1 | 


delay between HLD activation and HLT Sampling 


1=15 ms delay between HLD activating and HLT Sampling 


0=Compare for side 0 
1=Compare for side 1 


Sector Length Field 

oo. 8301 10 11 
256 512 1024 128 
128 256 512 1024 


0=Read (or Write) Single Sectors 
1=Read (or Write) Multiple Sectors 


Figure 1. Type II and III Flag Summary 
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Type Iil Commands 


There are three Type II| Commands: 

e READ ADDRESS— Read the next ID field (6 bytes) 
into the FDC. 

e READ TRACK—Read all bytes of the entire track, 
including gaps. 

e WRITE TRACK—Write all bytes to the entire track, 
including gaps. 

Read Address 

Upon receipt of the Read Address command, the head is 

loaded and the Busy Status Bit is set. The next en- 

countered ID field is then read in from the disk, and the 

six data bytes of the ID field are assembled and trans- 

ferred to the DR, and a DRQ is generated for each byte. 

The six bytes of the ID field are shown below: 





TRACK SIDE SECTOR SECTOR | CRC] CRC 
ADDR NUMBER | ADDRESS | LENGTH 1 2 





Although the CRC characters are transferred to the 
computer, the FDC979X checks for validity and the CRC 


INDEX DETECTED | 


INDEX AM 
DR=F6 WRITE 
3 TIMES MFM ONLY 


Jere 


TRACK NUMBERS: 00-4A 


SINGLE SIDED: NUMBER=00 
DOUBLE SIDED, SIDE 0=00 
DOUBLE SIDED, SIDE 1=01 


BYTES/SECTOR 

SECTOR NO. FM MEM 
O1-1A 128 256 
01-0F 256 512 
01-08 512 1024 


*DR=F5 WRITE 3 TIMES MFM ONLY 





error status bit is set if there is a CRC error. The Track 
Address of the ID field is written into the sector register. 
At the end of the operation an interrupt is generated and 
the Busy Status is reset. 


Read Track 


Upon receipt of the Read Track command, the head is 
loaded and the Busy Status bit is set. Reading starts 
with the leading edge of the first encountered index 
pulse and continues until the next index pulse. As each 
byte is assembled it is transferred to the Data Register 
and the Data Request is generated for each byte. No 
CRC checking is performed. Gaps are included in the 
input data stream. The accumulation of bytes is synchro- 
nized to each Address Mark encountered. Upon com- 
pletion of the command, the interrupt is activated. RG 
is not activated during the Read Track Command. An 
internal side compare is not performed during a 
Read Track. 


Write Track 


Upon receipt of the Write Track command, the head is 
loaded and the Busy Status bit is set. Writing starts 
with the leading edge of the first encountered index 
pulse and continues until the next index pulse, at which 


LAST 
DATA 
FIELD 


2 BYTE CRC 
WRITTEN 
OR=FB OR=F7 


2 BYTES CRC WRITTEN 
DR=F7 


SECTOR LENGTH 


OO= 128 
O1= 256 
O2= $12 
03= 1024 


Figure 2. IBM Compatible Sector/Track Format 
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time the interrupt is activated. The Data Request is 
activated immediately upon receiving the command, 
but writing will not start until after the first byte has been 
loaded into the Data Register. If the DR has not been 
loaded by the time the index pulse is encountered the 
operation is terminated making the device Not Busy, the 
Lost Data Status Bit is set, and the Interrupt is activated. 
If a byte is not present in the DR when needed, a byte of 
zeros is substituted. Address Marks and CRC characters 
are written on the disk by detecting certain data byte 
patterns in the outgoing data stream as shown in the 
table below. The CRC generator is initialized when any 
data byte from F8 to FE is about to be transferred from 
the DR to the DSR in FM or by receipt of F5 in MFM. 


Disk formatting (initialization) is accomplished by the 
Write Track command. Each byte for the entire track 
must be provided for proper formatting. This includes 
gap as well as data bytes. 


The sequence required to format a diskette begins with 
positioning the Read/Write head at the desired track. 
Once this has been done, it is necessary to perform a 
Write Track command to store all the information on a 
track. The Write Track command uses DRQ to request 
each byte from the system MPU, starting with the byte at 
the beginning of the physical Index Pulse and ending 
with the last gap bytes at the end of the track. Figure 2 
illustrates the IBM standard for track formatting. 
Normally, each data byte stored on the diskette must 
be generated by the system MPU and passed into the 
FDC Data Register. However, there are exceptions to 
this rule. If a data byte of hex F5 through FE is entered 
into the Data Register, then the FDC recognizes this as 
an AM with missing clocks or CRC generation code. 
Consequently, F5 through FE must not be used in gaps, 
data fields, or ID fields, as this will disrupt normal opera- 
tion of the FDC during formatting. 


eS) ee eee 
COMMAND 
FORCE INTERRUPT 


READY TRANSITION 


INDEX PULSE 


Type IV Commands 


Force Interrupt is the only Type IV command. This 
command permits the MPU to terminate (abort) any 
command in progress. Figure 3 tabulates the Type IV 
command option bits. 


The four bits, lo-lz, are used to select the condition of the 
interrupt occurrence. Regardless of which bit is set, any 
command currently being executed is immediately 
terminated and the Busy status bit is cleared, indicating 
“Not Busy”. Then, when the condition is met, INTRQ 
goes high, causing the required interrupt. 


If lo-ls are all “O”, no interrupt occurs, but any currently 
executing command is immediately terminated. If more 
than one condition is selected, then the interrupt occurs 
when any of the conditions is met. 


To clear the interrupt, it is necessary to read the Status 
Register or to write the Command Register. An exception, 
however, is for ls=1 (Immediate Interrupt). For this case, 
the interrupt is cleared with another Force Interrupt 
command with lo-l3 all low. 


Status Register 


The Status Register permits the MPU to monitor a variety 
of conditions in the FDC. For each command, the 
individual status bits have their own meaning. When a 
command is initiated (except for the Force Interrupt 
commana), the Busy status bit is set and the others are 
cleared or updated. If the Force Interrupt command is 
entered when another command is in progress, the 
Busy status bit is cleared, but the others remain 
unaffected. However, if the Force Interrupt command 
is initiated when there is not another command in pro- 
gress, the other status bits are cleared or updated and 
represent the Type | Command status. Figure 4 illustrates 
the meaning of the status bits for each command. 


O=No effect 
1=Forces INTRQ when READY input goes low-to-high 


NOT-READY TRANSITION-| 9=N° effect 


1=Forces INTRQ when READY input goes high-to-low 


O=No Effect 
1=Forces INTRQ on next INDEX pulse input 


O=No effect 


IMMEDIATE 


1=Forces INTRQ immediately 


Figure 3. Force Interrupt Command Flags 
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Figure 4A. Status Register Summary 




















COMMAND STATUS BIT 
Se ae ea ae ee ee eee ee eee ee 
ALL TYPE | Not Ready Write Protect Head Loaded CRC Error 


a 


4 
EAD SECTOR Not Ready i oes Record Type | Rec not Found | CRC Error Lost Data | pRQ | Busy | 
WRITE SECTOR Not Ready | Write Protect Write Fault Rec not Found | CRC Error | Lost Data | DRQ | Busy | 


ms) 


EAD ADDRESS Not Ready ee es Rec not Found | CRC Error Busy 
EAD TRACK NotReagy | of tf tot Data_| 
WRITE TRACK Not Ready Write Fault | 0 


Ps] 





Figure 4B. Status Description for Type | Commands 
| MEANING: 


This bit when set indicates the drive is not ready. When reset it indicates that the drive is 
ready. This bit is an inverted copy of the Ready input and logically ‘ored’ with MR. 


PROTECTED When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT input. 


5 | HEAD LOADED When set, it indicates the head is loaded and engaged. This bit is a logical “and” of HLD 


and HLT signals. 


SEEK ERROR When set, the desired track was not verified. This bit is reset to 0 when updated. 
CRC ERROR CRC encountered in ID field. 


TRACK 00 When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted copy 
of the TROO input. 


INDEX ; When set, indicates index mark detected from drive. This bit is an inverted copy of the 
IP input. 


BUSY When set command is in progress. When reset no command is in progress. 





NOT READY 












oO 





wo 


4 


—_ 










This bit when set indicates the drive is not ready. When reset, it indicates that the drive 


















Figure 4C. Status Description for Type II and Ili Commands 
S7 | NOT READY 
is ready. This bit is an inverted copy of the Ready input and ‘ored’ with MR. The Type II 
and Ill Commands will not execute unless the drive is ready. 
Protect. This bit is reset when updated. 
S5 | RECORD TYPE/ | On Read Record: It indicates the record-type code from data field address mark. 
WRITE FAULT 
reset when updated. 
S4 | RECORD NOT When set, it indicates that the desired track, sector, or side were not found. This bit is reset 
FOUND (RNF) . | when updated. 
$2 | LOST DATA When set, it indicates the computer did not respond to DRQ in one byte time. This bit is 
reset to zero when updated. 
S1 | DATA REQUEST | This bit is acopy of the DRQ output. When set, it indicates the DR is full ona Read Operation 
or the DR is empty on a Write operation. This bit is reset to zero when updated. 


WRITE PROTECT| On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a Write 
1=Deleted Data Mark. O=Data Mark. On any Write: It indicates a Write Fault. This bit is 

S3 | CRC ERROR If S4 is set, an error is found in one or more ID fields; otherwise it indicates error in data 
field. This bit is reset when updated. 

BUSY When set, command is under execution. When reset, no command is under execution. 
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Write Data Timing: 


PARAMETER SYMBOL | MIN. | TYP | MAX.| UNITS CONDITIONS 


Write Data Pulse Width FM 


MFM 
Write Gate to Write Data FM 


MFM 
Write data cyle Time ’  +CLK Error 


Early (Late) to Write Data MFM 


Early (Late) From MFM 
Write Data 
Write Gate off from WD FM 


MFM 
WD Valid to Clk . CLK=1 MHZ 


CLK=2 MHZ 
WD Valid after Clk CLK=1 MHZ 


CLK=2 MHZ 





These values are doubled when CLK=1 MHz. 


Write Data Timing 


WRITE GATE ee 
| Twg j— The —_| Twp |<» Twf ae 
WRITE DATA | | | 
—~| 1), 
| }-~ 
EARLY OR LATE 
(ON ee I es 


ee 


9 
=z 
=) 
‘ie 
© 
tu 
” 





CLK 
(1MHZ) 


Wie ae 


eo I FV 
Twd1 —- Kk Twa2 


panacea Wd 25a 
CLK 
(2MHZ) LWT | LT 


Twdt —e 


WRITE DATA/CLOCK RELATIONSHIP 
(ODEN=0) 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ........... 0... cc cece ccc eee cen ee ent e eee eee e nett e eect nen eetten tenes 0°C to + 70°C 
Storage Temperature Range ............. cece cece c cece ene e eee c eee eee ee nee e eee eeeeenenteseeetenes — 55°C to + 150°C 
Lead Temperature (Soldering, 10 SEC.) .......... cc cece cece ccc e ee et eee eee n nett tenn een ee teste eeenaeennne + 325°C 
Positive Voltage on Pin 40, with respect to Ground ............. 0. cece cece eect tee ne eect en tee eeneeeenneeeenes +15V 
Positive Voltage on any other Pin, with respect to Qround ............. 2c ccc cece cece tenet etn eee en ee eenn ees +8V 
Negative Voltage on any Pin, with respect to Ground ............ cc cece cece ence cece ene e eee teeeaeeeeeeenaenns —0.3V 


“Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes 
or “glitches” on their outputs when the AC power is switched on and off. In addition, voltage transients on the 
AC power line may appear on the DC output. If this possibility exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (T, = 0°C to 70°C, Veg = +5V +5%, unless otherwise noted) 
















PARAMETER SYMBOL MIN TYP MAX UNIT COMMENTS 
DC CHARACTERISTICS PRE 
Input Voltage Levels 


N, 7 
Som Otice: Thi. , 





Low Level, Vit 0.8 V © paramere |S POt a ting) « 
High Level, Vin . V aus are subjection 
Output Voltage Levels ange, 
Low Level Vor 0.45 V lo.=1.6 mA 
High Level Vou V lon=100 WA 
Output Leakage, Ito 10 LA 0.4<3.5V 
Input Leakage, lit 10 uA 0.4<3.5V 
Output Capacitance 5 pf 
Input Capacitance 10 pf 
Supply Current 160 mA 
AC CHARACTERISTICS 
Processor Read Timing 
Address Setup Time ns Figure 5 
Address Hold Time ns Figure 5 
RE Pulse Width (CL=50pF) ns Figure 5 
DRQ Reset Time 500 ns Figure 5 
INTRQ Reset Time 500* 3000* ns Figure 5 
Data Delay Time (CL=50pF) _ 350 ns Figure 5 
Data Hold Time (CL=50pF) 150 ns Figure 5 
Microprocessor Write Timing 
Address Setup Time ns Figure 6 
Address Hold Time ns Figure 6 
WE Pulse Width ns Figure 6 
DRQ Reset Time 500 ns Figure 6 
INTRQ Reset Time 500* 3000* ns Figure 6 
Data Setup Time ns Figure 6 
Data Hold Time ns Figure 6 
Disk Input Data Timing 
RAWREAD Pulse Width 200 ns Figure 7, See Note 
Clock Setup Time ns Figure 7 See Note 
Clock Hold Time for MFM ns Figure 7 
Clock Hold Time for FM ns Figure 7 
RAWREAD Cycle Time ns 1800 is Figure 7 
. ; 1* Us igure 7 
RCLK High Pulse Width 9 us Figure 7 
F 1* Us Figure 7 
RCLK Low Pulse Width * US Figure 7 
P 2* us Figure 7 
RCLK Cycle Time re pe Figure ; 
Miscellaneous Timing 
CLK Low Pulse Width 250 20000 ns Figure 8 
CLK High Pulse Width 250 20000 ns Figure 8 
: US Figure 8 
STEP Pulse Width US Figure 8 
DIRC Setup Time 12 us Figure 8 
MR Pulse Width US Figure 8 
IP Pulse Width US Figure 8 
WF Pulse Width US Figure 8 
CLK Cycle Time 0.5* us Figure 8 


* These Values are doubled when CLK=1 MHz. 


Figure 5. 


zs * (MEM) or 32s * (FM) 


16, 
Microprocessor —e| Tor aaa 


Tan ——>| 


Read Timing 


DALo— DAL, 


Figure 6. 
Microprocessor =e aon (FM) 
Write Timing 


DALo— DAL, 


Figure 7. 
Disk Input 
Timing RAWREAD 


Note: Pulse width on RAW READ (Pin 27) is normally 10-300 ns. However, pulse may be any width if pulse is entirely 
within window. If pulse occurs in both windows, then pulse width must be less than 300 ns for MFM at CLK.= 2 MHz and 
600 ns for FM at 2 MHz. Times double for 1 MHz. 


Figure 8. 
Miscellaneous 
Timing 


STEP IN 


Letom be Torr 
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DISK FORMATS 


Disks may be formatted in IBM 3740 or System 34 
formats with sector lengths of 128, 256, 512, or 
1024 bytes. 

IBM 3740 Format 

This single-density (FM) format utilizes 128 bytes/ 
sector. The bytes to be generated by the system 
MPU for use in the execution of the Write Track 
command are shown in Figure 9. 


IBM System 34 Format 


This double-density (MFM) format utilizes 256 
bytes/sector. The bytes to be generated by the 
system MPU for use in the execution of the Write 
Track command are shown in Figure 10. 


Non-iBM Formats 


Unique (non-IBM) formats are permissible provid- 
ing the following restrictions are understood. 


e Sector length may only be 128, 256, 512, or 
1024 bytes. 


e Gap sizes must conform to Figure 11. 


COMMENTS 


Gap 5 
(Post Index) 


Index AM 


Gap 1 


ID AM 
Track Number 
(00-4C) 


Side Number 
(00 or 01) 
Sector Number 
(01-1A) 
Sector Length 
128 byt 

ONE ees 


Causes 2-Byte 
SECTOR CRC to be 
0) Written 


Gap 2 (ID Gap) 


Data AM 
Data Field 
Causes 2-Byte 
CRC to be 
Written 
Part of Gap 3 
(Data Gap) 
Gap 4 

Figure 9. (Pre Index) 





Byte Sequence = ores: 1. THIS PATTERN MUST BE 

for IBM 3740 WRITTEN 26 TIMES PER TRACK. 

Formatting 2. CONTINUE WRITING HEX FF 
UNTIL FOC COMPLETES 
SEQUENCE AND GENERATES 
INTRQ INTERRUPT 












DATA 
BYTE ee COMMENTS 
(hex) 


Gap 5 
(Post Index) 







Writes C2 
Index AM 







Gap 1 








Writes A1 





ID AM 
Track Number 
(00-4C) 

Side Number: 
(00 or 01) 
Sector Number 
(01-1A) 

Sector Length 
(256 Bytes) 
Causes 2-Byte 
CRC to be 
Written 

Gap 2 (ID Gap) 






ONE 
SECTOR 


@ 
















Writes A1 





Data AM 
Data Field 
Causes 2-Byte 


CRC to be 
Written 


Part of Gap 3 
(Data Gap) 
Gap 4 

(Pre Index) 








Figure 10. 
Byte Sequence 


for IBM System-34 


Formatting 





NOTES: 1. THIS PATTERN MUST BE 
WRITTEN 26 TIMES PER 
TRACK, 
2. CONTINUE WRITING HEX 


4E UNTIL FOC COMPLETES 
SEQUENCE AND GENERATES 
INTRO INTERRUPT. 


SINGLE DOUBLE 
DENSITY DENSITY NOTE 
(FM) (MFM) 


16 bytes FF 16 bytes 4E 


11 bytes FF 22 bytes 4F 
6 bytes 00 12 bytes 00 
3 bytes Al 






10 bytes FF 16 bytes 4E 
4 bytes 00 8 bytes 00 
3 bytes Al 


16 bytes FF 16 bytes 4E 


NOTES: 1. THESE BYTES COUNTS ARE EXACT. 
2. THESE BYTES COUNTS ARE MINIMUM 
EXCEPT FOR 3 BYTES A1, WHICH IS EXACT. 





Figure 11. Gap Size Limitations 
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CORPORA information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
As Marie Oo uy ines assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
is16)273°3100 Twx-S0-227-88 devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 


at any time in order to improve design and supply the best product possible. 


STANDARD MICROSYSTEMS = 
CORPORATION HDC 1100. 01 
——_— 






Hard Disk Serial to Parallel Converter 


FEATURES PIN CONFIGURATION 


C] Single +5 Volt Power Supply 

C) Double Buffered 1 Veo 
CL) Byte Strobe Outputs 

C5 MBit Shift Rate EN 
C) Serial Input/Parallel Out NRZ 
C] 20 Pin DIP 


ST 
DOUT 


C1) n-Channel COPLAMOS ® Silicon Gate Technology 


BDONE 
SHFCLK 
D07 
D06 

DOs 


o On Oo oO FF WO ND 





GENERAL DESCRIPTION 


The HDC 1100-01 converts NRZ data from a Winchester The HDC 1100-01 contains two sets of 8 bit registers. This 
disk drive into eight bit parallel form. Additional inputs are allows one register to be read (in parallel) while serial data 
provided to initiate the conversion process, as well as out- _is being shifted into the other. 

put strobes to indicate the completion. 


> 
=z 
= 
= 
o 
w 
* 





Bit 
Counter 


8 Bit 
Shift Register 


8 Bit Register 


DOO 001 D02 DO3 DO4 DOS DOG DO7 
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DESCRIPTION OF PIN FUNCTIONS 


PIN NUMBER SYMBOL NAME FUNCTION 
1 CLK 


CLOCK NRZ data is entered into the 8-bit shift register on the 
low-to-high transition of clock. 
NO CONNECTION No connection. This pin is to be left open by the user. 
3 BCLR BYTE CLEAR When this line is at a logic 0, the BDONE (pin 15) line is 


ee ae TEST INPUT 
5-9, ie 13 D00-D07 DATAO-DATA7 


Vss GROUND 
a SHFCLK SHIFT CLOCK 


15 BDONE 


BYTE DONE 


DATA OUT 


START 


NRZ DATA 






















19 EN ENABLE When this signal is at a logic 0, DOUT, SHFCLK, and 
BDONE outputs are in a high impedance state. 
20 Voc Vee + 5V power supply input. 


held reset. 

This pin must be left open by the user. 
8 bit parallel data outputs. 

Ground. 


Inverted copy of CLOCK (pin 1) which is active when 
EN (pin 19) is at a logic 1. 


This signal is forced to a logic 1 signifying 8 bits of data 
have been assembled. BDONE remains in a logic 1 
state until reset by a logic 0 on the BCLR (pin 3) line. 


Serial Data Output from the 8th stage of the internal 
shift register. DOUT is in a high impedance state 
whenever EN (pin 19) is at a logic 0. 

This line enables the byte counter and is used for 
synchronization. It must be held to a logic 1 prior to first 
data bit on the NRZ (Pin 18) line. 

NRZ serial data is entered on this pin and clocked by 
the low to high transition of CLK (pin 1). 




















OPERATION 


Prior to shifting data through the device, the HDC 1100-01 
must be synchronized to the data stream. The ST line (Pin 
17 high) is used to hold the internal bit counter in a cleared 
state until valid data (NRZ) and clocks (CLK) are entered. 
The ST line is a synchronous input and therefore requires 
one full cycle of the CLK line (Pin 1) to occur in order to accept 
a ST condition. After this happens, the device is ready to 
perform serial to parallel conversions. 


Data is entered on the NRZ line and clocked into the 8-bit 
shift register on the low-to-high transition of CLK. The ST 
line must be set low during the low time of CLK. Data is 
accepted on low-to-high transition of the clock while the high- 
to-low transition of CLK increments the bit counter. After 8 
data bits have been entered the final high-to-low transition 
of CLK sets an internal latch tied to the BDONE line (Pin 
15). At the same time, the contents of the shift register are 
parallel loaded into an 8 bit register making the parallel data 
available on the D00-D07 outputs. BDONE will remain in a 
latched state until the BCLR is set to a logic 0, clearing off 
the BDONE signal. BCLR is a level triggered input and must 
be set back to a logic 1 before the next 8 bits are shifted 
through the register. BCLR has no effect on the serial shift- 
ing process. When the next 8 bits are received, BDONE will 
again be set and the operation continues. 








When interfacing to a microprocessor, BDONE is used to 
indicate a parallel byte is ready to be read. As the processor 
reads the data out of the DOO-DO7 lines, the BCLR line 
should be strobed to clear off BDONE in anticipation of the 
next assembled byte. An address decode signal generated 
at the host may be used for this purpose. During a power- 
up condition, the state of BDONE is indeterminant. It is rec- 
ommended that BCLR be strobed low after power-up to 
insure that BDONE is cleared. 


The serial output line from the last stage of the shift register 
is available on the DOUT pin. An inverted copy of CLK is 
available on the SHFCLK pin. Both DOUT (Pin 16) and 
SHFCLK (Pin 14) can be used to drive another shift register 
external to the device. 


The three signals BDONE, DOUT, and SHFCLK can be 


placed in a high impedance state by setting EN (Pin 19) to 
alogic 0. Likewise, EN must be ata logic 1 in order for these 
signals to be active. 


The TEST pin is internally OR’ed with the ST line to inhibit 
the bit counter. It is recommended that TEST be left open 
by the user. An internal pull-up resistor is tied to this pin to 
satisfy the appropriate logic level required internally for 
proper device operation. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range: a...0< aca dee he eed beds nea eed oe cee edad Goa db de del be nena dadeb bea eee ae paws 0°C to + 50°C 
Storage Temperature Range: wesciceis sciences caved dnd caee's Cb b Ne beet baa de dea dada vied eed cbne@ ovate eae eeds —55° to + 150°C 
Lead Temperature (Soldering, 10 SEC.) 1.0.6... ccc cee nnn een et Fenn n een nee ene e ne nes + 300°C 
Positive Voltage on any I/O Pin, with respect to ground ........ 2. cece cece ee Fp cence eee e eee +7.0V 
Negative Voltage on any I/O Pin, with respect to ground .............. cece eee J PRD pw cee -0.2V 






Power Dissipation acca cxiewis eee eek toes eee tna meds eie elena seanduaadaae 





Noy; 
: . fond Som, ice: 7, ] re 
“Stresses above those listed may cause permanent damage to the device. This is a stresa~ A para 8 isp N -2n of the 


device at these or at any other condition above those indicated in the operational sections of this > 


DC ELECTRICAL CHARACTERISTICS: T, = 0°C to 50°C; Veg = +5V + 10%, Veg = OV 

























SYMBOL [| PARAMETER | MIN, | TYP! | MAX | 
Vit Input Low Voltage —0. 0.8 
Vin Input High Voltage 
Vo Output Low Voltage 0.4 lon = 3.2MA 
Vou Output High Voltage lon = —200nA 
Supply Voltage 5.0 5.5 






Supply Current 100 All Outputs Open 





























CONDITION 
CLK FREQUENCY 5.25 MHZ =f: 

ts | CLK to ST nsec ST = 1 (min 200nsec) 
tis 1 CLK to ST nsec ST = 1 (min 200nsec) 
tos Data set-up to 1 CLK nsec 

tvs BDONE valid from 1_ CLK 110 nsec EN = 1 

tas BDONE reset from BCLR 110 nsec EN = 1 

tew BCLR Pulse Width nsec EN = 1 

tse 1 CLK to | SHFCLK 90 nsec EN = 1 

tes | CLK to 1 SHFCLK EN = 1 

tso Data delay from Tt SHFCLK EN = 1 


Enable to DOUT ACTIVE 
Data Hold w.r.t. T CLK 


NOTES: 1. Typical Values are for T, = 25°C and V,, = +5.0V 


C ») Power-On DATA/byte n-1 ) GE. byte torn 
: 

a, 

' 


ol- 


SHFCLK 


DOUT 


— j+— tro 


EN aoe 
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STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
CORPORATION information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
——— ee assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
as Marcus Gg Mavcowee Noaes devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 

at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 2 





_ Hard Disk Improved MFM Generator 


FEATURES . PIN CONFIGURATION 


C] Single +5 Volt Power Supply 

C] Write Precompensation 

LC) Address Mark Generation 

L] 5 Mbit Data Rate 

L] Converts NRZ to MFM 

CJ 20 Pin DIP _ 

C1 n-Channel COPLAMOS® Silicon Gate Technology 


1 


oO ON DO na F&F WO ND 





GENERAL DESCRIPTION 


The HDC 1100-12 “improved” MFM Generator converts sation signals required to compensate for bit shift effects 
serial NRZ data into an MFM (Modified Frequency Modu- on the recording medium. 

lated) data stream. The MFM signal may be used to record 

information on a Winchester Disk. The HDC 1100-12 has the ability to delete clock pulses in 
In addition, the HDC 1100-12 generates Write Precompen- the outgoing data stream in order to record Address Marks. 


> 
= 
= 
— 
Oo 
tu 
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DRQCLK 


DECODE 


MFM GENERATOR INTERRUPT CONTROLLER 
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DESCRIPTION OF PIN FUNCTIONS 


PIN NUMBER SYMBOL [| NAME | FUNCTION 
1 NRZ NON-RETURN-TO NRZ data input that is strobed into the MFM generator 
ZERO by WCLK (1). 


SKIP ENABLE 


2 SKPEN 


3 


== 
fe) [e) 
|| f~ 
All x 


D 


WC 
CURRENT 





EARLY 


@ 
m 
> 
D 
< 








16 MFM MFM DATA 
INTCLK INTERRUPT 
REQUEST CLOCK 
DRQCLK DATA REQUEST 
CLOCK 


_ 
oi 
z 
Sel 
D 
2) 


r 
cl 


INTERRUPT 
REQUEST 


5 
4 
m 


ee 
> 


ADDRESS 1,0 


i) 
[o) 
< 
iO 
< 
fe) 


_ = 
N 





OPERATION 
The HDC 1100-12 is divided into two sections: MFM Gen- 


erator and Interrupt Logic. The MFM Generator converts . 


NRZ data into MFM data and provides Write Precompen- 
sation signals. The Interrupt Logic may be used to generate 
Interrupt signals. The two sections of the device are iso- 
lated and have no common input or output signals. 


Priorto entering data, the SKPEN line must be set to a logic 

.0 to enable only clocks in the data stream. Data is entered 
on the NRZ line and strobed on the high-to-low transition of 
WCLK. The encoded NRZ data appears on the MFM (pin 
16) output lagging by one clock cycle. 


Write Precompensation signals EARLY, LATE, and NOM are 
generated as each data or clock pulse becomes available 
at the input when RWC is logic 1. 


The SKPEN signal is used to record a unique data/clock 
pattern as an Address Mark, using A1 data with OA clock. 
This pattern is used for synchronization prior to data or ID 
fields that are read from the disk. 


When the SKPEN signal is set to a logic 1, the internal skip 


WRITE CLOCK 
WRITE CLOCK 


REDUCED WRITE 


2 TIMES DATA RATE 


i 
< 
> 3 
m 


DATA REQUEST 


MASTER RESET 


This input arms the SKIP logic for recording Address 
Marks when set to a logic 1. 


Complimentary clock inputs. NRZ data is clocked into 
the MFM Generator on the high-to-low transition of 
WCLK (pin 3). 


This signal when high, enables EARLY, LATE and 
NOM outputs. 

This input is used to latch EARLY, LATE, NOM and 
MEM outputs. 






Output signal from the Write Precompensation Logic 

used to signify that data is to be written nominal. 

Output signal from the Write Precompensation Logic 

used to signify that data is to be shifted LATE before 

writing. 

Output signal from the Write Precompensation Logic 

used to signify that data is to be shifted EARLY before 

writing. 

This output contains the MFM encoded data derived 
from the NRZ (pin 1) line. 
Low input signal used to enable the Address decode 
logic. 
A high-to-low transition on this line will latch the INTRQ 
(pin 15) at a logic 0. 
A high-to-low transition on this line will latch the DRQ 
(pin 14) at a logic 0. 
This output is latched at a logic O when INTCLK (pin 8) 
makes a high-to-low transition while the decode logic is 
disabled. 
This output is latched at a logic O when DRQCLK (pin 
7) makes a high-to-low transition while the decode 
logic is disabled. 
A low level on this line causes DRQ and INTRQ to set 
at a logic 1. 
When CS is low and the address lines are high, INTRQ 
is cleared; if the address lines are low then DRQ gets 
cleared. (i.e. set at a logic 1). 


+5V power supply input. 












logic is enabled. As long as zeroes are being shifted into 
the NRZ line, the device generates normal MFM data. On 
receipt of the first non-zero bit (typically the MSB of the A1 
16) the skip logic begins to count WCLK cycles. When the 
MFM generator tries to produce a clock between data bits 
2 and 3, the skip logic disables the MFM generator during 
that time. The result for A1,, data is a clock pattern of 0A,, 
instead of OE,,. Although other data patterns may be used, 














X = Don'tcare 


Q, = remains at previous state 
INTERRUPT REQUEST LOGIC TABLE 
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the MSB of the pattern must be a 1 (80,, or higher) inorder and Interrupt Requests (INTRQ) by selecting CS (pin 6) in 
to enable the skip logic at the proper time. After the skip combination with AO and A1. The MR (Master Reset) signal 
logic has performed, it then disables itself and MFMdatais is used to clear both DRQ and INTRQsimultaneously. DRQ 
recorded normally starting with the succeeding byte. Tore- and INTRQ can be set to a logic 0 only by a low level or 
enable the skip logic again, the SKPEN line must be strobed. . DRQCLK and INTCLK respectively. The signal will remain 

at a logic 0 until cleared by a MR or proper address selec- 
The Interrupt Logic is used to clear Data Requests (DRQ) tion via CS, A1 and AO. 


TO BE SENT 
LAST DATA SENT SENDING NEXT EARLY 
cn Pa ee 


WRITE  PAECOMBENSATION LOGIC TABLE 


MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range .......... cece cece ene een e eee e eet n teen ene tes Pye teeeeeeeneenes O°C to + 50°C 
Storage Temperature RAnge .......... ccc ce cece cece eter eee ener n eee eet e ener e tenet etn LON cece eee —55° to + 150°C 
Lead Temperature (Soldering, 10 S€C.) 0.0... cece eee eee eee tee ee eee eee eee ARON ee. 

Positive Voltage on any I/O Pin, with respect to ground ........... cece eee e ete eter ee eeee Lo RR ON cee. 
Negative Voltage on any I/O Pin, with respect to Ground ........ cece cece cence cece en eeeneeen 
Power: DiSSipation:. ssc disse ceed en Sdeware dnckvaraana wneldg pamarewied ba garb le Bv bible aul pale SOUS eae 















cr 





HE 
r- 


r 
r- 





yr 






















Input Low Voltage 




















Input High Voltage 
Vor Output Low Voltage lb. = 3.2mA 
Vou Output High Voltage lon = — 200nA 
Voc Supply Voltage 
loc Supply Current All Outputs Open 
AC ELECTRICAL CHARACTERISTICS: T, = 0°C to 50°C; Veg = +5V + 10%; Ve, = OV 
SYMBOL PARAMETER MIN TYP: MAX UNIT CONDITION 
ter WCLK FREQUENCY 
tos Data Setup w.rt. | WCLK 10 
tou Data hold w.rt. | WCLK 25 
tar T WCLK to TMFM delay Pin 1 LOW 
tem | WCLK to | MFM delay Pin 1 LOW 
tw Data delay to NOM from 
| WCLK 
twe Data delay to EARLY from 
| WCLK 
twe Data delay to LATE from 
| WCLK 
tua Master reset pulse width 50 
tuo 1 MR tot DRQ 
tan IMR to T INTRQ 
too DRQCLK pulse width 50 
tia INTCLK pulse width 50 
ton | DRQCLK to DRQ 
t, !INTCLK to INTRQ 
tap { AX to T DRQ 
tar TAX toT INTRQ 
te !CS to1 DRQ 
ty !CS to TINTRQ 
tan tT RWC to | NOM 
tre | 2XDR to Tt EARLY 
try 1 2XDR to T NOM 
tre | 2XDR to 1 LATE 











Notes: 1. Typical Values are for T, = 25°C and Vig = +5.0V. 
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MFM GENERATOR TIMING 


CS or AX 


on 
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Cl 
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DRQCLK 
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STANDARD MICROSYSTEMS 
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Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assur ed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devic.:: described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any ‘ime in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS = 


Hard Disk Address Mark Detector 


FEATURES PIN CONFIGURATION 


C] Single +5 Volt Power Supply 

CL] Decodes A1-0A 

(-] Synchronous Clock/Data Outputs 

L] 5 MBit Data Rate 

L) Address Mark Detection 

(J 20 Pin DIP 

1 n-Channel COPLAMOS ® Silicon Gate Technology 


{ 


oO On Om a F WB N 





GENERAL DESCRIPTION 


The HDC 1100-03 Address Mark Detector Provides an effi- foraDATA = A1, CLK = OApattern and produces and AM 
cient means of detecting Address Mark Fields in an MFM __ DET signal when the pattern has been found. NRZ data is 
(NRZ) data stream. MFM clocks and data are fed to the output from the device for driving a serial/parallel converter. 
device along with a window clock generated by an external An uncommitted latch is also provided for use by the data 
data separator. The HDC 1100-03 searches the data stream separator circuitry if required. 


DETECT A1 
DETECT 0A 


8 BIT 
SHIFT REG 
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DESCRIPTION OF PIN FUNCTIONS 
PIN NUMBER SYMBOL 





R READ CLOCK 





2 |a\d 
ZI |e 


6,7, 13,17 NC 


K 
TES 








IN 
j 


T 








11 


1s) 
Oo 
Cc 
aa 


iw) mia4 
Ow 2\m 
i [onneZ) 
x m|— 

4jrn 


QOUT 
AMDET 





(o>) 


AMDET 


C 


= = afau a 
fee) on) ie) 


P 
RST 


= 
©o 


K | READCLOCK Complimentary clock inputs used to clock DIN and 
RCLK READ CLOCK CLK IN into the AM detector. 
DI DATA INPUT MFM data pulses from the external Data Separator are 
connected on this line. 


CLOCK INPUT 


DATA OUTPUT Data Output from the internal Data Shift register, 
synchronized with DCLK. 


To be left open by the user. 


— To be left open by the user. 

ENABLE 

DETECTION 
V GROUND. 


DATA CLOCK Clock output that is synchronized with DATA OUT (Pin 
5). 


LATCH OUTPUT 

ADDRESS MARK 

DETECT 

ADDRESS MARK 

DETECT 

CLOCK PULSE A low-to-high transition on this line will cause the 
QOUT (Pin 14) to be latched at a logic 0. 

RESET 


+ 5V power supply input. 










FUNCTION 


MFM clock pulses from the external Data Separator 
are connected on this line. 


A logic 1 on this line enables the detection logic to 
search for a data A1,, and clock. 


ignal output from the uncommitted latch. 






Complimentary Address Mark Detector output. These 
signals will go active when a Data = A1,, Clock = 0A,, 
pattern is detected in the data stream. 








A logic 0 on this line will cause the QOUT (Pin 14) 
signal to be set at a logic 1. 





OPERATION 


Prior to shifting data through the device, the internal logic 
must be initialized. While the ENDET (Pin 9) line is ata logic 
0, shifting of data will be inhibited and AMDET, AMDET, 
DCLK, and DATA OUT will remain inactive. 


When ENDET is ata logic 1, shifting is enabled. NRZ data 
is entered on the DIN line (Pin 2) and shifted on the high- 
to-low transition of RCLK (Pin 1). NRZ clocks are entered 
on the CLK IN line, and shifted on the high-to-low transition 
of RCLK (Pin 3). The DOUT line (Pin 5) is tied to the last 
stage of the Internal Data Shift register and will reflect infor- 
mation clocked into the DIN line delayed by 8 bits. 


While each bit is being shifted, a 16 bit comparator is con- 
tinuously checking the parallel contents of the shift regis- 
ters for the DATA = A1,, CLK = 0A,, pattern. When this 
pattern is detected, AMDET will be set to a logic 0 and 
AMDET will be set to a logic 1. AMDET and AMDET will 
remain latched until the device is re-initialized by forcing 














ENDET to a logic 0. 


When an AM is detected, DCLK will begin to toggle. Data 
present on the DOUT line may then be clocked into an 
external serial/parallel converter. DCLK will remain inactive 
when ENDET is held at a logic 0. 


Anuncommitted edge-triggered flip/flop has been provided 
to facilitate the detection of high-frequency by the data sep- 
arator, but may be used for any purpose. The low-to-high 
transition of CP (Pin 18) will set the QOUT (Pin 14) toa logic 
0. QOUT may be reset back to a logic 1 by a low level on 
the RST line (Pin 19). 


TEST1 and TEST2 are output lines. TEST1 is an active low 
pulse when an A1,,is detected, and TEST2 is an active low 
pulse when a 0A,, is detected. These signals are used for 
test points and therefore should be left open by the user if 
not required. 
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MAXIMUM GUARANTEED RATINGS* 














Operating Temperature Range ......... ccc cece eee nee nn ERE EEE CEE EE EEE EER EE nee EEE EE 0°C to + 50°C 
Storage Temperature Range ........... ccc ccc cee eee e eee en ee eee e ete e enn ene eben beeen eeatas — 55° to + 150°C 
Lead Temperature (Soldering, 10 SEC.) 6.0... ccc cece nce ne ee ne nen n ene ene Eee EEE Eden EEE deeb EEE EEE EES + 300°C 
Positive Voltage on any I/O Pin, with respect to QroUNd ... 2.6 cece cect eee e ne ence eee nee e eee enna eens neaes +7.0V 
Negative Voltage on any !/O Pin, with respect to ground ............ ccc cece ee eee eens PN cece teen ee ee eee ned -0.2V 


Power Dissipation ic 3ia. niciac.teis tan van tana Pete ooad ede e eased SetaiGabiaweradeet oa Bb sans wnat tees 0.75W 


*Stresses above those listed may cause permanent damage to the device. This is a stress rat 
device at these or at any other condition above those indicated in the operational sections of «> 


DC ELECTRICAL CHARACTERISTICS: T, = 0°C to 50°C; Veg = +5V + 10%, Veg = OV 











Input Low Voltage 


Input High Voltage 
Vor Output Low Voltage ln = 3.2MA 
Vou Output High Voltage lon = —200pA 
V Supply Voltage 

Supply Current All Outputs Open 














CONDITION 







RCLK Frequency 











tsr Data Setup time 
tur Data Hold time 
tes DOUT to DCLK DELAY 
tan | RCLK to f DCLK 
tar 1 RCLK to TAMDET 
tei | RCLK to | AMDET 
tao | RCLK to DOUT 
tea | ENDET to! AMDET 
tro | RST to fT QOUT _ 
one Pulse width of RST 

CP Pulse width 

1 CP to | QOUT 
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tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
Meigedud. vaipsane he ints assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
isi 2733100 = Twx's0227-8888  Gevices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 


STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
CORPORATION 
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STANDARD MICROSYSTEMS Ee 





Hard Disk CRC Checker/Generator 


FEATURES PIN CONFIGURATION 


CL Single +5 Volt Power Supply 

(] Generates/Checks CRC 

[] Latched Error Outputs 

C) CCITT-16 CRC 

[] Automatic Preset 

L) 20 Pin DIP 

C) n-Channel COPLAMOS ® Silicon Gate Technology 


_ 


Voc 
NC 
NC 
NC 
CRCOK 


TIMCLK 
WCLK 
CRCOK 
SKPCLK 
DOUT 


oOo O@ON ODO oO F&F WO ND 





GENERAL DESCRIPTION 


The HDC 1100-04 CRC Checker/Generator generates a__ stream. In addition to the transmitted CRC output, compli- 
Cyclic Redundancy Checkword from a serial data stream, mentary latched “CRCOK” outputs are provided to indicate 
and checks for the proper CRC in a received serial data CRC errors in the check mode. 
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= 
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w 
w” 





SKPCLK 


POLYNOMIAL GEN 
x16 + x2 + x5 + 1 


TIMCLK 
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DESCRIPTION OF PIN FUNCTIONS 
SYMBOL 

































| NAME Cd FUNCTION 


DATA INPUT Active low serial input data stream is used to generate/ 
check the 2 byte CRC word. . 


2 DOCK DATA OR CRC After a byte of data has been transferred, in, this input 
WORD CLOCK signal is used to latch the state of DOCE in an internal 
D flop with a high to low transition. 
3 SHFCLK SHIFT CLOCK The falling edge shifts data bits into the CRC 
generator/checker. It also transfers the CRC check 
word to DOUT in the write mode (DOCE = LOW). The 
rising edge also activates the CRCOK lines in the read 
mode when no error is found. 
NOCONNECTION, | 
CWE CHECK WORD This active low output indicates that the CRC 
ENABLE checkword is being output on the DOUT line. When 
, CWE is high, data is being output on DOUT. 
7 DOCE DATA OR CRC Initially, this input line is held high to direct input data 
ENABLE (pin 1) to the output data (pin 11). After the next to the 
Jast BYTE is transmitted but before the last BYTE 
occurs DOCE must be low to direct the 2 CRC check 
bytes to DOUT (pin 11). 
DOCE must be maintained low for a minimum of 2 byte 
times. DOCE is used only in the write mode. 
CRCIZ CYCLIC When this line is at a logic 0, the SKPCLK output line is 
REDUNDANCY held high and the CRC generator is held preset to hex 
CHECK INITIALIZE “FFFF 
po ENC. | NOCONNECTION NO CONNECTION 
GROUND GROUND. 
ih DOUT DATA OUTPUT In the write mode, this line outputs the unmodified data 
stream along with the 2 byte CRC word appended to 
the end of the stream. 
12 SKPCLK SKIP CLOCK The first high-to-low transition on DIN (pin 1) resets 
SKPCLK low and enables the CRC to either generate 
or check the CRC word. 
13 CRCOK CYCLIC In the read mode, after the 2 byte CRC word is entered 
, REDUNDANCY on DIN and no error has been detected, this line is set - 
CHECK OKAY high to indicate no errors have occurred. This line will 
then remain high as long as DIN is maintained high. 
14 WCLK WRITE CLOCK This input clock is divided by 16 to produce TIMCLK 
(pin 15) and has no effect on the rest of the internal 
circuitry. 
TIMCLK TIMING CLOCK 
16 CRCOK CYCLIC Complementary output version of CRCOK (pin 13). 
REDUNDANCY 
CHECK OKAY 
NOCONNECTION, fo 
+ 5V power supply input. 








































































OPERATION 


Prior to shifting data thru the device (either in the read or 
write modes) the CRC generator/checker is initialized by 
strobing the CRCIZ (pin 8) low. This forces the SKPCLK (pin 
12) line to the high state. The first low going transition on 

_DIN (pin 1), namely the most significant bit of an address 
mark, resets the SKPCLK line. The HDC 110-04 has now 
been properly initialized and is ready to generate/check the 
CRC bytes. The CRCOK and CRCOK lines should be set 
to their inactive states. . 


Inthe write mode, initially the DOCE (pin 7) is held high and 
a pseudo DOCK is produced by supplying a string of zeros 
before the address mark. This ensures the proper state of 
the internal D flip flip to gate input data to the output line 
DOUT (pin 11). As shown in the block diagram the CWE 








(pin 6) will be set high. Sometime between the next to the 
last and the last DOCK that indicates the end of the data 
stream, DOCE (pin 7) is lowered to ensure the smooth tran- 
sition of the 2 byte CRC checkword to the output line DOUT 


(pin 11). 


DOCE must be maintained low for a minimum of 2 byte 
times. After the CRC word is generated, DOUT will produce 
a string of zeros (i.e., held high). This portion of the circuitry 
is dormant in the read mode. 





After proper initialization, input data is entered on DIN (pin 
1) along with the 2 byte CRC word for the read mode of 
operation. At the end of the data stream, if no errors were 
detected the CRCOK (pin 13) is set high. Accordingly the 
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complementary output (pin 16) is set low. These output set to determine a further course of action as desired by 
states will be maintained as long as DIN is held high and the user, 

CRCIZ (pin 8) is not strobed. If the CRCOK lines do not 

become active, an error has been detected and a re-try WCLK is divided by 16 to produce TIMCLK which may be 
is in order. If successive re-tries fail, an error flag may be used asa buffered step clock for SA1000 compatible drives. 





MAXIMUM GUARANTEED RATINGS* 












Operating Temperature Range .......... cece ccc cee en ee nen ene nee n nen een een ence ester nen e Eee te eats 0°C to + 50°C 

Storage Temperature Range: oon.2 s.cessccecaneteaaeicces pias dodge vreea elena dl@asenialedeceeniae deheded S454 dee5 —55° to + 150°C 

Lead Temperature (Soldering, 10 SEC.) 2.0... cece cece nee ene eee enn n ene n Eee ee een en een Ente Eee ee +300°C 

Positive Voltage on any 1/O Pin, with respect to QrouNd .......... cece eee c cece eee te cee PIN cee ee eee e een e een enes +7.0V 

Negative Voltage on any I/O Pin, with respect to ground ........... ce cece cece eee LDR pi cee ees -0.2V 

Power Dissipation in. i. cecoecicev sen oaaie ek seen ace Velcade Dba Gavi eeldh sede dide taaea tee eareeae & Sane 1 watt 
*Stresses above those listed may cause permanent damage to the device. This is a stress rati ~ Som, vos mr 


device at these or at any other condition above those indicated in the operational sections of this spe~ 


DC ELECTRICAL CHARACTERISTICS: T, = 0°C to 50°C; Vig = +5V + 10%, Vsg = OV 








Input Low Voltage 








Input High Voltage 

Vor Output Low Voltage ln = 3.2mA 

Vou Output High Voltage lon =~ 200nA 
Supply Voltage 
Supply Current All Outputs Open 







CONDITION 






tT WCLK to ! TIMCLK 









tw tT WCLK to TTIMCLK 

tus 1 CRCIZ to t SKPCLK 

tax CRCI!Z pulse width 

tes DOCE set up time w.rt. 
1 DOCK 

ten Doce hold time w.r.t. 















! DOCK 
N to 


DIN to DOUT delay CWE set hig 











PARAMETER CONDITION 


{DIN to ! SKPCLK 



















ts DIN P.W. to reset SKPCLK 
tic | DOCK to! CWE 

tac | DOCK to t CWE 

tsc SHFCLK frequency 

tg 1 SHFCLK to T CRCOK 
to 1 SHFCLK to ! CRCOK 






| DOCK to ! DIN 





tex 


> e— bs 


KPCL 
S ok —! Le tox 
DIN 


tow 


Initialize 
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STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 


tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
CORPORATION information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
a assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
Se gain = Tatozrase — devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 

at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS ‘ 
sy an ia 


Hard Disk Parallel to Serial Converter 


FEATURES PIN CONFIGURATION 


C1) Single +5 Volt Power Supply 
C] Double Buffered Do 1 
LC] Byte Strobe Outputs 
C1] 5 Mbit Data Rate 

C] Parallel In/Serial Out D2 
L] 20 Pin DIP 

C) n-Channel COPLAMOS ® Silicon Gate Technology 


D1 


2 
3 
D3 4 
D4 5 
6 

7 

8 

9 


DS 

D6 

D7 
SHFCLK 

Vss 10 





GENERAL DESCRIPTION 


The HDC 1100-05 converts bytes of parallel datatoaserial have been shifted out and that the 8 bit latch is ready to be 
data stream for writing to disk memories or other serial reloaded. The double buffering of the data permits another 
devices. Parallel data is entered via the DO-D7 lines. Asyn- byte to be loaded while the previous byte is in the process 
chronous byte counter is used to signify that 8 bits of data of being shifted. 
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8 BIT SHIFT 
REG 


SHFCLK 


SHFCLK 


BDONE 
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DESCRIPTION OF PIN FUNCTIONS 


SHFCLK SHIFT CLOCK 


FUNCTION 
8 bit parallel data inputs (bit 7 = MSB). 


Inverted copy of WCLK (pin 12) which is active when 
ENABLE (pin 19) is at a logic 0. 


GROUND. 


Active low input signal resets the BDONE (pin 16) 
latch. The fow-to-high (trailing edge) clocks the input 
data into the internal 8 bit latch. 


The high-to-low (|) edge of this clock signal is used to 
shift the data out serially. The low-to-high (1) edge is 
used to update the internal byte counter (modulo 8). 


This active low signal indicates that the Byte Counter is 
being preset to 1. Normally left open by the user. 


Delayed copy of WCLK (pin 12) which is active when 
EN (pin 19) is at a logic 0. 


Serial data output enabled by EN (pin 19). 


This output signal is forced to a logic 1 whenever 8 bits 
of data have been shifted out. BDONE remains in this 
state unless reset by the loading of another byte of 
data. 


TEST TEST INPUT This pin must be left open by the user. 
NO CONNECTION 


OPERATION 


Prior to loading the HDC 1100-05, it is recommended that 
OOH (or FF) be loaded into the input buffers to ensure that 
DOUT is at a fixed level. EN (pin 19) is set to a logic 0 to 
enable the device outputs. 


Data is entered on the DO-D7 input lines and is strobed into 
the data latches on the rising edge of DCLK (pin 11). DCLK 
also resets BCONE (pin 16). The first BDONE that comes 
up simply means that the HDC 1100-05 is ready to accept 
another byte of data and that the previous byte entered is 
in the process of being shifted out. If the BDONE is serviced 
prior to every 8th WRITE CLOCK pulse the output data will 
represent a contiguous block of the bytes entered. Due to 
the asynchronous nature of the HDC 1100-05, the input data 
will be available in serial form at the output anywhere from 
8 to 16 write clock cycles later. 


Datais shifted out on the high-to-low transition of the WCLK 
(pin 12). The low-to-high transition of WCLK increments a 
byte counter which in turn sets the BDONE signal high after 
8 bits of data have been shifted out. The low-to-high tran- 











This active low signal enables DOUT, SHFCLK, 
SHFCLK, and BDONE outputs. When high, these 
output signals are in a high impedance state. 





sition of BDONE also causes the loading of the data buffer 
into the shift register. The data buffer is now ready to be 
reloaded with the next byte. 


The loading of the next byte automatically clears the BDONE 
signal. The entire process as outlined above is repeated. 
BDONE always needs to be serviced within 8 WCLK cycles 
unless the next byte to be transmitted is the same as the 
previous byte. 


Four signals, BDONE, DOUT, SHFCLK, and SHFCLK, can 
be placed in a high impedance state of setting EN (pin 19) 
to a logic 1. Likewise, EN must be at a logic 0 in order for 
these signals to drive any external device. 


The TEST pin is internally OR’d with the counter output to 
produce the LD (pin 13) signal. This is used to inhibit the bit 
counter by external means for test purposes. It is recom- 
mended that TEST be left open by the user. An internal 
pullup register is tied to this pin to satisfy the appropriate 
logic level required for proper device operation. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ssc ted iene sdostertniedaey eaderahinl dae ea eto Mahara aoe eect eats 0°C to + 50°C 
Storage: Temperature: Range: cis ccov ev cond syajod bead heria dds veaen meena thg bs GE sheen Ree Oe Soe pelea —55° to + 150°C 
Lead Temperature (Soldering, 10 SEC.) ... 0... cece cee cnn ee nee nnn n eRe n eee eben ee eee enone eet en een een EEE + 300°C 


Positive Voltage on any I/O Pin, with respect to Ground ..... 2... cece eee eee eet e eens 
Negative Voltage on any I/O Pin, with respect to ground .......... ce cece cere eee eee eee eee 
Power DISSIPALION. ...:. = desis. cee ec eesae cede bende ete de eae dae decne MeNabardeanend cakeeee eas 


“Stresses above those listed may cause permanent damage to the device. This i isa stress rati. > 













DC ELECTRICAL CHARACTERISTICS: T, = 0°C to 50°C; Vig = +5V + 10%, Ves = OV 








Input Low Voltage 








Input High Voltage 
Si. Output Low Voltage lo. = 3.2 MA 
Vou Output High Voltage lon =—200RA 
V Supply Voltage 






Supply Current Ail Outputs Open 





AC ELECTRICAL CHARACTERISTICS: T, = 0°C to 50°C; Veg = +5V + 10%, Veg = OV 









CONDITION 






WCLK frequency 













tow DCLK pulse width 
tis Data set-up w.r.t. T DCLK 
ton Data hold time w.rt. T DCLK 
tos { DCLK to ! BDONE EN =0 
too | WCLK to DOUT EN =0 
ty 1 WCLK to | SHFCLK EN =0 
tus } WCLK to T SHFCLK EN=0 
twe tT WCLK to TBDONE 
tes 1 EN to BDONE, DOUT 
SHFCLK ACTIVE 
1 WCLK to! LD 








NOTES: 1. Typical Values are for T, = 25°C and Voc = +5.0V 
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STANDARD MICROSYSTEMS 
CORPORATION 


35 Marcus Bivd | Hi 8 
(816) 273-3100 + TWX-510-227-8298 





Circuit diagrams utilizing SMC products are included as a means Of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATI ON 






HDC 7261 


PRELIMINARY 


Hard Disk Controller 


FEATURES 


LJ Flexible interface to various types of Hard Disk Drives 
C Programmable Track Format 

C Controls up to 8 Drives 

C] Parallel Seek Operation Capability 

L) Multi-sector and Multi-track Transfer Capability 

L] Data Scan and Data Verify Capability 

CJ High Level Commands, Including: 


READ DATA — SEEK (Normal or Buffered) 

READ ID RECALIBRATE (Normal or Buffered) 
WRITE DATA READ DIAGNOSTIC (SMD Only) 
WRITE ID SPECIFY 

SCAN DATA = SENSE INTERRUPT STATUS 
VERIFY DATA SENSE DRIVE STATUS 

VERIFY ID DETECT ERROR 

CHECK 


C) NRZ, FM, or MFM Data Format 

(1) Maximum Data Transfer Rate: 12MHz 

XC Error Detection and Correction Capability 

L] Simple !/O Structure: Compatible with Most 
Microprocessors 

ZC All Inputs and Outputs except Clock Pins are TTL- 
Compatible (Clock Pins Require Pull-up) 

L] Single + 5V Power Supply 

L] 40-Pin Dual-in-line Package 

L] COPLAMOS® n-Channel Silicon Gate Technology 


PIN CONFIGURATION 


(RGATE) 
(WGATE) 


1 
2 
3 
4 
5 
6 
7 
8 
9 


PACKAGE: 40-pin D.1.P. 


Note: Signals shown in parentheses are used when the HDC7261 
is in the floppy- like mode. 





GENERAL DESCRIPTION 


The HDC7261 Hard Disk Controller is an intelligent micro- 
processor peripheral designed to control a number of dif- 
ferent types of disk drives. It is capable of supporting either 
hard-sector or soft-sector disks and provides all control sig- 
nals that interface the controller with either SMD disk inter- 
faces or Seagate floppy-like drives. Its sophisticated 
instruction set minimizes the software overhead for the host 
microprocessor. By using the DMA controller, the micropro- 
cessor needs only to load a few command bytes into the 
HDC7261 and all the data transfers associated with read, 
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write, or format operations are done by the HDC7261 and 
the DMA controller. Extensive error reporting, verify com- 
mands, ECC, and CRC data error checking assure reliable 
controller operation. The HDC7261 provides internal 
address mark detection, ID verification, and CRC or ECC 
checking and verification. An eight-byte FIFO is used for 
loading command parameters and obtaining command 
results. This makes the structuring of software drivers a 
simple task. The FIFO is also used for buffering data during 
DMA read/write operations. 
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STANDARD MICROSYSTEMS 
——_—— 


HDC 9224 
PRELIMINARY 


Universal Disk Controller 


FEATURES 

Programmable Disk Drive Interface and Formats 

_] Seagate (ST506) or user definable Hard Disk Formats 

L] IBM Compatible Single or Double Density Floppy Disk 
Formats 

L] Controls 8”, 5.25”, and 3.5” drives 

_] Controls tape drives for tape backup of disks 

C] Full CRC generation and checking 

C] Internal or External Error detection 

[_] Programmable user-transparent Error correction 

L] Programmable automatic retry option 

(] Programmable internal write precompensation logic 

L] Read/Write commands with automatic seek 

C] Multiple sector read/write transfers 

_] Sector interleave capability 

L] Internal address mark generation and detection 

(] Programmable track step rates 

(] Supports both buffered and unbuffered seeks 

(J Polling command allows overlapping seeks 

(] Powerful, high level command set 

C] Controls up to 4 drives with 

1) upto 16 heads per drive 

L] up to 2048 cylinders per drive 

(] up to 256 sectors per track 





Flexible System Interface 
L} Built-in DMA controller capable of addressing up to 
16 MBytes 


PIN CONFIGURATION 


1 
2 
3 
4 
5 
6 
7 
8 





PACKAGE: 40 Pin DIP 





| Supports either private or virtual buffer memory L] Programmable Interrupt Mask 
addressing schemes L] TTL compatible 
() User readable Interrupt, Chip Status, and Drive Status (] Standard 40 pin DIP package 
registers CJ.Single +5 volt supply 
GENERAL DESCRIPTION 


The HDC 9224 Universal Disk Controller (UDC) is a 40 
pin, n-channel MOS/LSI device capable of interfacing up 
to 4 Winchester-type hard disks and/or industry standard 
floppy disks to a processor. The chip is programmable to 
support both the Seagate (ST506) and user defined hard 
disk formats, as well as IBM compatible 8”, 5.25” and 3.5” 
single and double density formats. 


A powerful and sophisticated command set reduces the 
software overhead required to implement a combined hard 
disk/floppy disk controller. These commands include: 


Drive Select Seek to cylinder'and read ID 
Step out 1 cylinder Step in 1 cylinder 

Restore Drive Read Logical Sectors 

Read Physical Sectors Read Entire Track 

Write Logical Sectors Write Physical Sectors 

Chip Reset Deselect Drive 

Poll Drives for Ready Set Register Pointer 

Tape Back-up Format current track 


The HDC 9224 can use both private memory or shared 
memory buffers with the chip’s internal DMA controller pro- 
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viding up to 24 bit addresses over an 8 bit data bus. This 
enables the HDC 9224 to address up to 16 megabytes of 
memory, and allows the hardware designer tremendous 
flexibility in system design. 


Several techniques of error detection and correction are 
implemented on the HDC 9224. One user selected method 
allows the chip to detect and transparently correct a read 
error in the data-stream, without external logic. Another 
technique allows the designer complete control over the 
ECC algorithm, by using external logic or system software 
to detect and correct the error. As a further aid in error han- 
dling, the HDC 9224 allows the user to specify the number 
of read retries to be attempted before an error is reported 
to the host processor by the HDC 9224. 


The HDC 9224 features a versatile track format com- 
mand which allows formatting with interleaved sectors. The 
chip needs only 3 or 4 bytes of external memory space per 
sector (depending on format selected). This feature allows 
the designer to optimize sector interleaving for optimum 
throughput. 
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ECC/CRC REG 








at FORMAT 
DATA ROM 


ALU/REGISTER FILE 


SEFVPAR 
RDATA 
PAR/SER | RESYNC RCLK 
CONVERTER : 
INT ENABLE 

MODE REG DATA REG WAITE ENCODER WDATA 

fe PRECOMP Locic] © EARLY 

DB7-0 = 


LATE 
INT STATUS CHIP STATUS |} DRIVE STATUS TEMP REG 
AB7-0 A at 











BLOCK DIAGRAM OF DATA PATH IN HDC 9224 


DESCRIPTION OF PIN FUNCTIONS 


| PIN NO. | NAME SYMBOL DESCRIPTION 


Chip Select cs This signal (when active) selects the HDC 9224 for communications with the host 
processor. This signal is normally derived by decoding the high order address bits. 
Itis active low. 


Data Bus 7-0 All system processor reads and writes, (including status reads, initialization, disk 
parameters, and commands) are 8 bit transfers which utilize these lines. 


When the UDC is accessing memory, data is input or output on these lines. 
Data on these lines is valid only when DATA STROBE (DS) is active low. 


Aux Bus 7-0 These 8 pins are used to output drive control signals and DMA Address 
; information. ise 


Additionally, these pins are used to input drive status information. 


Command/Data D During processor to UDC communications, this input is used to indicate whether a 
command or data transfer will follow. 


If this pin is low, data may be written to, or read from, the internal data registers. 


If this pin is high, the processor may write commands or read command results 
from the UDC. 


Read/Write W When the processor is communicating to the UDC, a high on this input line indi- 
cates a (processor) request for a UDC read operation, and a low indicates a (pro- 
cessor) request for a write operation. 


RW C/D Operation 


Write to register file 

Write to command reg. 

Read from register file 

Read Interrupt Status Register 


During UDC initiated operations, this pin becomes an output, and is used to indi- 
cate a read operation (logic 1) or write operation (logic 0) to external memories. 
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| PIN NO. | NAME SYMBOL DESCRIPTION 
Data Strobe This active low pin functions as both-an input and output. When the processor is 
writing to the UDC, the trailing edge of an active (low) signal applied to this pin indi- 
cates that the data on DB7-0 is valid, and the data is latched into the appropriate 
UDC register on the rising edge. 
When the processor is reading from the UDC, the trailing edge of an active (low) 
signal applied to this pin is used to clock out the desired UDC register on to DB7-0. 
During UDC initiated DMA operations, the UDC drives this pin low to either read or 
write data from memory. On DMA read cycles, data is clocked in on the trailing 
edge. On DMA write operations, the data on DB7-0 is valid anytime this pin is 
active (low). 
When this pin is high (logic 1), DB7-0 return to a high impedance state. 
Interrupt INT 
cessor. The interrupt pin is reset to its inactive (low) state when the UDC interrupt 
status register is read. 
DMA In Progress This active high output becomes active whenever the UDC is actually performing a 
DMA operation. 
DMA Request DMAR This active high output becomes active whenever the UDC requires the system 
bus to perform a memory cycle, and ACK is inactive. During hard disk operations, 
it remains active until the sector transfer is complete. 
During floppy disk operations, it is active for 1 byte transfer time. 
The UDC shows that is has released the system bus by resetting this signal to its 
inactive (low) state. 
Acknowledge ACK This active high signal from the processor tells the UDC that the processor has 
released the system bus and the UDC may access system memory. 
37 Write Data WDATA | This pinis used to output serial data from the UDC to the drive, in either FM or 
MFM format. In both cases, data is output with the most significant bit first. 
Late LATE This output (when active high) indicates that the current flux transition appearing 
on WDATA is to be written late. 
Early EARLY | This raiare (when active high) indicates that the current flux transition appearing 
on WDATA is to be written early. 
Write Gate WGATE | This output (when active high) indicates the drive should allow a write operation. 
40 Read Data RDATA | This input pin contains the serial bit stream read from the drive, in either FM or 
MFM format. Media flux reversals are indicated by a negative transition. 
os Read Clock RCLK 
¥ Read Gate RDGATE 
¥ ECC Time ECCTM 















This active high output is used by the UDC whenever it wants to interrupt the pro- 
































This input is generated by the external data separator. Its frequency should self- 
adjust to the variations in bit width in the data stream from the drive. This clock 
supplies a window to indicate half-bit-cell boundaries. 





This output pin is used to enable the external data separator, compensate for write 
to read recovery time of the drive, and filter out the write splice in gaps 2 and 3. 
The ne of this signal is dependent upon the type of drive (hard or floppy) being 
used. 


RDGATE is inactive at all times except when the UDC is actually performing a read 
operation or an internal ECC operation. 







When the UDC is used in external ECC mode, this output pin becomes active 
(low) during the time the UDC is reading the ECC bytes from memory or external 
ECC chip, when executing a WRITE command. 


It is also active during internal ECC correction operations, and for either one 

(write) or two (read) byte times after DIP (pin 30) becomes inactive following a sec- 

a eee This shows the system processor when it should service the UDC 
uffer. 











These active high outputs are used by external logic to select either the source or 
destination for data transfers occuring via AB7-0. The following table defines the 
specific transfer being called for by the UDC. (Note that S1-0 are valid only when 
STB is active low.) 












STB $1 SO  AB7-0 Activity 


$1,S0 Invalid 
UDC inputs Drive Status Signals 






UDC outputs DMA address bytes 
UDC outputs OUTPUT 1 signals 
UDC outputs OUTPUT 2 signals 
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DESCRIPTION 


PIN NO. NAME SYMBOL 


DEVICE CLOCK _ 
31 Reset RST 
DS-Input 
An active low on this pin has the same effect as a RESET Command. 


33 DMA Clock DMACLK | All UDC DMA operations will be synchronized to this clock input. Three DMACLK 
periods are required for each DMA byte transfer. 













This active low output indicates when the host processor should read or write to 
AB7-0, as indicated by S1-0. 

When AB7-0 are used as outputs from the UDC, data is valid anytime this signal is 
active (low). 

When AB7-0 are used as inputs to the UDC, data is clocked in on the rising edge 
of this signal. 


This input is the double frequency clock used by the UDC for all internal timing 
operations. 

Eight inch hard disk drives (with a nominal bit time of 230 ns) require an input of 
8.696 MHz (115 ns period). 

5.25” hard disks (with a nominal bit time of 200 ns) require a 10 MHz input (100 ns 
period). 

Eight inch, 5.25” and 3.5” floppy drives all require a 10 MHz clock, which is inter- 
nally prescaled by the UDC to the correct frequency, as determined from the Drive 
Select command and MODE register. 


This input requires an external pull-up resistor, as it is not TTL-level compatible. 
See figure 2. 













This active low input will force the UDC into the following known state: 


INT—Inactive low 
WDATA-Inactive low 
ECCTM-Inactive high 
DMAR-Inactive low 
EARLY-Inactive low 
C/D-Input 
AB7-0-Input 
LATE-Inactive low 
R/W-Input 
DB7-0-Input 
WGATE-Inactive low 
DIP-—Inactive low 
RDGATE-Inactive low 















OVERVIEW OF UDC REGISTERS 


The HDC 9224 has three types of internal, processor 
addressable registers; Read/Write, Read Only, and Write 
Only. These registers are addressed by an internal register 
pointer that is set by the SET REGISTER POINTER 
command. 


All register data is passed to and from the UDC via the 
data bus (DB7-0). 


The internal register pointer is automatically incre- 
mented with each register access until it points to the DATA 
Register. This insures that all subsequent register accesses 
will address the DATA register. 


PROCESSOR ACESSIBLE REGISTERS 


REGISTER ADDR WRITE | READ 


DMA7-0 
DMA15-8 
DMA23-16 
Desired Sector 
Current Head 
Current Cylinder 


DMA23-16 
Desired Sector 
Desired Head 
Desired Cylinder 
Sector Count 
Retry Count 
Mode 
Interrupt/Command 
Terminator 

A Data/Delay 
COMMAND Current Command 


OONDOAWN—O 


Drive Status 


Data 
Interrupt Status 


Three internal registers (OUTPUT 1, OUTPUT 2, and 
INPUT DRIVE STATUS) which are not directly address- 
able by the processor are accessed by the UDC. The infor- 
mation contained in these registers is used in disk interfac- 
ing and is input or output on UDC Pins AB7-0. The following 
table describes these registers and the signals they output 


or input on AB7-0. 


UDC ADDRESSABLE REGISTERS 






AB7—ECC Error 
AB5—Seek Complete 
AB3—User Defined 

AB1—Drive Ready 









OUTPUT 1 (Output) 
AB7—Drive Select 3 
AB5—Drive Select 1 
AB3—Programmable 
Outputs (see text) 
AB1—Programmable 
Outputs 


OUTPUT 2 (Output) 


AB7—Drive Select 3 
AB5—Step Direction 
AB3—Desired Head (Bit 3) 
AB1—Desired Head (Bit 1) 
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DRIVE STATUS REGISTER (input) Select Pins S1=0, S0=0 





AB6— Index Pulse 
AB4—Track 00 
AB2—Write Protect 
ABO—Write Fault 


Select Pins S1=1, S0=0 
AB6—Drive Select 2 
AB4—Drive Select 0 

AB2— Programmable Outputs 
ABO—Programmable Outputs 


Select Pins S1=1, SO0=1 
AB6—Reduce Write Current 
AB4—Step Pulse 
AB2—Desired Head (Bit 2) 
ABO—Desired Head (Bit 0) 





Additionally, several registers (DMA7-0, DMA15-8, DMA23-16, DESIRED SECTOR, DESIRED CYLINDER, SECTOR 
COUNT, and RETRY COUNT) serve an alternate purpose. These registers are used by the FORMAT TRACK command 
to hold parameters. This alternate register utilization is described in detail under the FORMAT TRACK command. 





DESCRIPTION OF UDC REGISTERS 


DMA 7-0 (R/W Register; Address 0) 

This 8-bit read/write register is loaded with the low order 
ve (MSB in bit 7) of the DMA buffer memory starting 
address. 


DMA 15-18 (R/W Register; Address 1) 

This 8-bit read/write register is loaded with the middle 
ae byte (MSB in bit 7) of the DMA buffer memory starting 
address. 


DMA 23-16 (R/W Register; Address 2) 
This 8 bit read/write register is loaded with the high order 
he (MSB in bit 7) of the DMA buffer memory starting 
address. 


Prior to the data transfer portion of a read or write com- 
mand, the UDC writes the contents of the DMA registers to 
an external counter. This transfer (from the registers to the 
external counter) is accomplished by the UDC with 3 sep- 


arate outputs on AB7-0, with the contents of DMA 24-16. 


being transfered first. (In memory areas that require less 
than 24 bit addressing, the higher order bits are overwritten. 
The external counter must be incremented with the UDC’s 
DS signal after each byte transfer. 


If, during read operations, an error is detected during the 
data transfer, a retry will occur (if so programmed), and the 
three DMA registers will re-initialize the external counter to 
the original starting address. 


During multiple sector read/write operations, the DMA 
address contained in the DMA registers will be incre- 
mented by the size of the sector selected at each sector 
boundary. This ensures that during read operations the 
address contained in the DMA registers always corre- 
sponds to the proper memory starting address of the sector 
currently being read. 


AB7-0 


DBmMAZCOO 
mmaAazZzcog 


HDC9224 


DMA COUNTER OPERATION 


DESIRED SECTOR REGISTER (R/W Register; 
Address 3) 
This 8-bit read/write register is loaded with the starting 
sector number of a multiple sector read/write operation. 
Except for the last sector of the operation, this register is 


incremented after each sector is written or read without error. 


If the UDC terminates a command because of an error, 
this register will normally contain the bad sector number, 
and may be read by the processor. 





DESIRED HEAD REGISTER (Write Register; 
Address 4) 
This 8-bit write only register is loaded with the 4-bit head 
number, and the upper 3 bits of the desired cylinder number. 
BIT 7 ALWAYSO 
BITS 6-4 MSBs of the Desired Cylinder number 
BITS 3-0 Desired Head Number. 
The desired head number is output on AB3-0 during 
OUTPUT 2 times. 


DESIRED CYLINDER REGISTER (Write Register; 
Address 5) 
This 8-bit write only register is loaded with the 8 low order 
bits of the desired cylinder (MSB in Bit 7). Combined with 
the 3 high order bits loaded into the DESIRED HEAD REG- 
ISTER, these 11 bits form the desired cylinder number, 
which is checked by read and write operations during the 
Check ID portion of the command. 


SECTOR COUNT REGISTER (Write Register; 
Address 6) 

This 8-bit write only register is loaded with the number of 
sectors to be operated on by the read or write command. 
This allows multiple sectors on the same cylinder to be either 


written or read. 


RETRY COUNT REGISTER (Write Register; 
Address 7) 
This 8-bit write only register is loaded with the number 
of times the UDC should retry to read a data field before’ 
reporting an error. Additionally, this register is loaded with 
the user programmable output signals that the UDC out- 
puts on ABO-3 during OUTPUT times. 
The retry count is loaded (in 1’s complement format) into 
the 4 most significant bits of this register. 
The user programmable output signals are loaded into 
the 4 least significant bits of the register. 
BITS 7-4 Desired Retry Count (in 1’s complement 
format) 
BITS 3-0 User Programmable Output Signals 


MODE REGISTER (Write Register; Address 8) 
This 8-bit write only register defines the operating mode 

of the UDC as follows: 

BIT 7 (DRIVE DATA TYPE) 

This bit determines how the UDC decodes data from the 


drive. 
BIT 7=(1): UDC configured for hard disk use. 
(Level transitions) 
BIT 7 = (0): UDC configured for floppy use. (Pulse 
inputs) 
BITS 6,5 (CRC/ECC Enable Code) 
These bits determine the error detection/correction code 
generated and checked by the UDC. 


DB6 DB5 CODE GENERATED/CHECKED 


0 CRC 
External ECC 


1 
0 Internal 32 bit ECC without correction 
1 Internal 32 bit ECC with correction 





With internal ECC selected the UDC will transfer 4 extra 
bytes during reads and writes. Normal CRC checking is still 
done on all ID fields. 

With external ECC selected the UDC will flag an ECC error 
via BIT 7 of the DRIVE STATUS REGISTER. Normal CRC 
checking is still done on all ID fields. 

lf neither internal or external ECC is selected, then the UDC 
will perform CRC checks on both data and ID fields. 
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STEP RATES FOR DOUBLE DENSITY (MFM) OPERATION 


(Mode Bit 4=0) 


DRIVE TYPE 5.25” HARD DISK 8” FLOPPY 5.25” FLOPPY 


DB2 DB1 DBO STEP RATE 


ooo-+-0o00=-=— 
oo-o-0-0- 


1 
1 
1 
1 
0 
0 
0 
0 
0 


-STEP RATE STEP RATE 


Pulse Width: 11.2 us 112 us 224 us 


“This rate applies for SEEK commands only 
**This rate applies for RESTORE commands only 





(DOUBLE ALL OF THE ABOVE TIMES FOR SINGLE DENSITY (FM) OPERATIONS.) 





BIT 4 (Single or Double Density) 
This bit determines whether the UDC will perform its oper- 
ations in either single or double density. 


BIT 4=(1) Single Density (FM) Format 
BIT 4=(0) Double Density (MFM) Format 


BIT 3 (ALWAYS 0) 


BITS 2,1,0 (Step Rate Select) 

These bits are programmed to select the desired drive step 
rate. Note that all step rates are determined by the type of 
aie and density selected, and are scaled from the CLK 
input. 

The UDC can output extremely rapid step rate pulses if these 
bits are set to 000. This is useful when the UDC is control- 
ling drives which support buffered seeks. For other speeds, 
please refer to the table above. 


INTERRUPT/COMAND TERMINATION REGISTER 
(Write Register; Address 9) 
This 8-bit write only register allows the programmer to 
mask out a number of conditions that would cause termi- 
nation of a command. (Such termination occurs when the 
DONE bit in the INTERRUPT STATUS register is set.) 
One bitin this register also controls the generation of inter- 
rupts when either the DONE bit or the READY CHANGE 
bit in the INTERRUPT STATUS register go active. 


BIT 7 (CRC PRESET) 

Setting this bit to “1” will cause the CRC register to preset 
to 1 for CRC generation and checking. Setting this bit to 
“0” will cause the CRC register to preset to 0 for CRC 
generation and checking. 


ID field CRC and data field CRC or ECC are generated 
and tested from the first A1 HEX byte in the ID field. 


BIT 6 (ALWAYS “0”) 
This bit should always be set to “0” by the user. Failure to 
do this may result in unreliable operation. 


BIT 5 (INT ON DONE) 

If this bit is set (to “1"), an interrupt will occur when the 
DONE bit in the INTERRUPT STATUS register is set. If 
this bit is reset (to “O”), no interrupt will be generated for 
this condition. 


BIT 4 (DELETED DATA MARK) 
If this bit is set (to “1”), the DONE bit in the INTERRUPT 
STATUS register will be set when the DELETED DATA 


MARK bit in the CHIP STATUS register goes active, and 
the command will terminate when the current sector oper- 
ation is completed. 


BIT 3 (USER DEFINED) 

If this bit is set (to ‘1”), the DONE bit in the INTERRUPT 
STATUS register will be set when the USER DEFINED 
status bit in the DRIVE STATUS register goes active, and 
the command will terminate when the current sector oper- 
ation is completed. 


BIT 2 (WRITE PROTECT) 

If this bit is set to (to “1”), the write or write format com- 
mand in progress will terminate and the DONE bit in the 
INTERRUPT STATUS register will be set when the WRITE 
PROTECT bit in the DRIVE STATUS register goes active. 


BIT 1 (READY CHANGE) 

lf this bit is set (to “1”), an interrupt will occur when the 
READY CHANGE bit inthe INTERRUPT STATUS register 
is set. If this bit is reset (to “O”), no interrupt will be gen- 
erated for this condition. 


The user should note that as a drive is selected or dese- 
lected, it is possible for the ready line from the drive to 
change state, and care should be taken in the design of 
the interrupt handler. ; 


BIT 0 (WRITE FAULT) 

If this bit is set (to “1”), the write or write format command 
in progress will terminate and the DONE bit in the INTER- 
RUPT STATUS register will be set when the WRITE FAULT 
status bit in the DRIVE STATUS register is set. The com- 
mand in progress will terminate when the current sector 
operation is completed. 


DATA/DELAY REGISTER (R/W Register; eas be 

This 8-bit read /write register serves a dual purpose. 
During UDC writes, data is placed in this register for 
recording to the disk. During UDC reads, recovered data 
is fetched from this register for storage into memory. All 
transfers occur via DB7-0, under DMA control. 


Additionally, this register is loaded with the HEAD LOAD 
TIMER COUNT when the Drive Select command is issued. 
(Note that the actual amount of head load time is this value, 
times a value predetermined by the UDC, based on the 
type of drive selected. For more information, please see 
the Drive Select command description.) 
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COMMAND REGISTER (Write Register) 

This 8-bit write only register is used to pass commands 
to the UDC. Valid commands are given to the UDC_by 
setting C/D high and R/W active high, while strobing DS 
active (low). 


CURRENT HEAD REGISTER Read Register; 
Address 4) 
This 8-bit read only register is updated from the disk 
when a valid ID field sync mark is found while executing a 
read ID field command sequence. This register contains 
the actual head number, bad sector flag, and the 3 most 
significant bits of the cylinder number, as specified during 
formatting. 


BIT 7 =(1) Last sector read had BAD SECTOR bit set 
BIT 7=(0) Last sector read had BAD SECTOR bit reset. 


BITS 6-4 Three most significant bits of the current cylinder. 
(Most significant bit in Bit 6.) 


‘BITS 3-0 Current Head Number (MSB in bit 3). 


CURRENT CYLINDER REGISTER (Read Register; 

Address 5) 

This 8-bit read only register is updated from the disk when 

a valid ID field sync mark is found while executing a read ID 

field command sequence. This register will contain the 8 

least significant bits of the cylinder 1D number, as specified 

during formatting. (The 3 most significant bits of the 11 bit 

cylinder ID number are contained as part of the CURRENT 
HEAD REGISTER.) 


INTERRUPT STATUS REGISTER (Read Register) 

This 8-bit read only register contains status information 
associated with interrupt conditions and errors that occur 
during disk operation. This register is read by setting C/D 
high, and R/W high... 


When the Interrupt Status register is read, the INT output 
signal from the UDC will be reset (to an inactive low level). 


BIT 7 (INTERRUPT PENDING) 

A “1” indicates that either DONE bit or READY CHANGE 
bit has gone active. The user may disable these interrupts 
by setting the appropriate bits in the INTERRUPT/COM- 
MAND TERMINATION, REGISTER. This bit is reset (to “O”) 
by reading the Interrupt Status register. 


BIT 6 (DMA REQUEST) 

A“1” indicates that the UDC requires a data transfer either 
to or from its data register. This bit is reset (to “O”) by the 
data transfer. 


BIT 5 (DONE) 
A “1” indicates that the current command is completed. This 
bit is reset (to “O”) when a new command is issued. 


BIT 4,3 (COMMAND TERMINATION CODE) 

(Valid only when DONE is set) 
These two bits indicate the command termination 
conditions: 


BIT 4 BIT 3 CONDITIONS © 


Successful command termination 
Execution error in READ ID 
Sequence 

Execution error in SEEK Sequence 
Execution error in DATA field 





0 0 
0 1 
1 0 
1 1 
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More detailed command termination error information is 
obtained by reading the Chip Status register. 


BIT 2 (READY CHANGE) 

A “1” indicates that the “ready” signal from the drive has 
experienced a low-to-high or high-to-low transition. (This 
shows that the drive has either become ready or become 
not ready.) This bit is reset (to 0”) by reading the Met E 
Status register. 


BIT 1 (OVERRUN/UNDERRUN) 

A “1” indicates that a overrun or underrun condition has 
occured during a read or write command. These conditions 
occur when the UDC does not receive an acknowledge (to 
a DMA request) by the time a byte is ready for transfer to or 
from the processor. 


This bit can only be reset (to “O”) with a RESET command 
ora high on the RESET pin. 


BIT 0 (BAD SECTOR) 

A “1” indicates that a bad sector (as indicated from the MSB 
of the head ID byte in the ID field) has been encountered. 
This bit is reset when a new command is issued, or a good 
sector is read. 


CHIP STATUS REGISTER (Read Register; Address 8) 

This 8-bit read only register supplies additional chip sta- 
tus information. The information in this register is only valid 
between the time that the DONE bit is set in the INTER- 
RUPT STATUS register and the time when the next com- 
mand is issued to the UDC. 


BIT 7 (RETRY REQUIRED) 
If aretry was attempted by the UDC during the execution of 
any read or write command, this bit is set (to “1”). 


BIT 6 (ECC CORRECTION ATTEMPTED) 
If the internal ECC circuitry has attempted to correct a bad 
sector, this bit is set (to 1”). 


BIT 5 (CRC/ECC ERROR) 
If the UDC detects a CRC error or an ECC error, this bit is 
set (to “1”). 


BIT 4 (DELETED DATA MARk) 
If the UDC reads a deleted data mark in the ID field, this bit 
is set (to 1”), otherwise it is reset (to 0”). 


BIT 3 (SYNC ERROR) 

If the UDC does not find a sync mark when it is attempting 
to read either an ID or data field, then this bit is set (to “1”’). 

The command being executed will terminate when this bit 
is set. 


BIT 2 (COMPARE ERROR) 

If the information contained in the DESIRED HEAD and 
DESIRED CYLINDER registers does not match that con- 
tained in an ID field on the disk, this bit is set (to “1”). The 
command being executed will terminate when this bit is set. 


BIT 1,0 (PRESENT DRIVE SELECTED) 

These two binary encoded bits represent the drive currently 
selected and correspond to the Drive Select bits set in the 
Output 1 and Output 2 latches. 


BIT 1 BIT O DRIVE SELECTED 


0 
{ 
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DRIVE STATUS REGISTER (Read Register; 
- Address 9) 
This 8-bit read only register contains status information 

generated by the drives, external ECC Chip {if any), anda 


user definable input to the UDC from the drive. 


To save pins on the UDC, the 8 status lines are input on 
AB7-0 and are latched in this internal register. The UDC will 
update this register whenever it is not using AB7-0 to output 
DMA counter values, OUTPUT 1, or OUTPUT 2 data. When 
configured as described below, the UDC will input drive sta- 
tus signals and interpret them as follows. In all cases, a logic 
“1” is considered the active input. 


BIT 7 (ECC ERROR) 

This bit is set (to 1”) when the ECC ERROR signal is gen- 
erated by an external ECC chip. This signal is input to the 
UDC on AB7. 


BIT 6 (INDEX) 

This bit is set (to “1”) when the INDEX signal from the 
selected drive is active. Typically, index pulses from the 
drives are active for 10us-100us for each disk revolution. 
This signalis input to the UDC on AB6. 


BIT 5 (SEEK COMPLETE) 

This bit is set (to “1”) when the SEEK COMPLETE signal 
from the selected drive is active. This bit will go active when 
the heads of the selected drive have settled over the desired 
track (at the completion of a seek). 


When a drive supplies this signal, reading and writing should 
not be attempted until SEEK COMPLETE is set (to 1”). 
This signal is input on AB5. 


For floppy disk operation, where the drives normally do not 
provide this signal, a retriggerable one shot could be used 
to generate a SEEK COMPLETE signal (if desired). 


BIT 4 (TRACK 00) 

This bit is set (to “1”) when the TRACK 00 signal from the 
selected drive is active. This indicates that the heads on the 
ae drive are positioned over track 0. This signal is input 
on AB4. , 


BIT 3 (USER DEFINED) 
This bit is set (to “1”) when the USER DEFINED signal is 
active. This signal is input on AB3. 


BIT 2 (WRITE PROTECT) 

This bit is set (to “1”) when the WRITE PROTECT signal 
from the selected drive is active. When set, this bit indicates 
that the disk in the selected drive is write protected. This 
signal is input on AB2. 


BIT 1 (READY) 

This bit is set (to “1”) when the READY signal from the 
selected drive is active. When set, this bit indicates that the 
nig is ready to execute commands. This signal is input on 


BIT 0 (WRITE FAULT) 

This bit is set (to “1”) when the WRITE FAULT signal from 
the selected drive is active. This signal, when active, indi- 
cates that a condition exists at the drive that would cause 
oe writing on the disk. This signal is input to the UDC 
on ; 


TEMPORARY STORAGE REGISTERS 

The UDC contains two temporary storage registers, used 
by the UDC for internal operations. The host processor 
should not attempt to read or modify these registers, as 
unpredictable results may occur. 


UDC COMMAND OVERVIEW 


The HDC 9224 has 16 high-level commands that provide 
the user with a high degree of flexibility and control. All of 
the commands for the UDC can be thought of as falling into 
one of two basic groups. 


The first group handles the “housekeeping” required by the 
drives and the UDC itself. These commands are: 


RESET STEP OUT 1 CYLINDER 
STEP IN1 CYLINDER SET REGISTER POINTER 
DRIVE SELECT RESTORE DRIVE 
DESELECT DRIVES POLL DRIVES 


The second group comprises the “READ/WRITE” func- 
tions required in a magnetic disk subsystem. These com- 
mands are: 


SEEK/READ ID 
FORMAT TRACK WRITE 

READ TRACK READ SECTORS LOGICAL 
READ SECTORS PHYSICAL 

WRITE SECTORS LOGICAL 


An internal status byte, which contains the BAD SECTOR, 
DELETED DATA and OVER/UNDER RUN bits, along with 
the current state of the READY, WRITE PROTECT, WRITE 
FAULT, and USER DEFINED lines, is checked at various 
times during command execution. 


This internal status byte is examined before the execution 
of all READ/WRITE commands, and is also checked just 
prior to the completion of all commands (except for RESET, 
where its values would be meaningless.) 

This byte is also checked by the UDC between sector oper- 
ations during the execution of READ LOGICAL, READ 
PHYSICAL, WRITE LOGICAL and WRITE PHYSICAL 
commands. 


TAPE BACKUP (READ/ 


The UDC makes decisions regarding command termina- 
tion and interrupt generation based on the contents of this 
status byte, and the state of the bits in the INTERRUPT/ 
COMMAND TERMINATION register. (Note that “write pro- 
tect” and “write fault” status may cause command termi- 
nation only during write and format operations.) 


All commands (except RESET) terminate with the DONE 
bit in the INTERRUPT STATUS register being set. This bit 
may also be considered to be an inverted “busy” line, as 
the UDC resets it upon receipt of a valid command. 


During all READ/WRITE group commands (except FOR- 

MAT TRACK and BACKUP), the UDC utilizes some com- 

mon command execution sequences. Prior to entering each 

sequence the UDC sets the COMMAND TERMINATION 

bits (in the INTERRUPT STATUS register) to a known state. 

If acommand fails to execute properly, these bits may then’ 
be used to determine where the command aborted. 


The sequences common to the READ/WRITE group com- 
mands are as follows: 


1. READ ID FIELD (Command Termination Code = 0-1) 
First, the UDC attempts to find an ID Field Sync mark. 
If no sync mark is found within 33,792 byte times (byte 
time = time to read one byte from the type of drive 
selected), the SYNC ERROR bit (in the CHIP STA- 
TUS register) is set (to “1”), and the command is. 
terminated. 


During this phase, the UDC will raise and drop 
RDGATE up to 256 times (as it attempts to read each 
sector on the cylinder). 
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After the ID Field is found, the UDC reads it and 
updates it CURRENT HEAD and CURRENT CYL- 
INDER registers. This information was written to the 
disk during formatting. 

Next, the UDC checks the CRC of the ID field which 
was read. If it is incorrect, the UDC sets (to 1”) the 
CRC ERROR status bit (in the CHIP STATUS regis- 
ter) and terminates the command. 

If the CRC is correct; the UDC then calculates the 
direction and number of step pulses required to move 


SEEK/READ ID 


Popa h ad the head from the current cylinder to the cylinder 
CURRENT CYLINDER specified in the DESIRED HEAD REGISTER. These 
pulses, and the direction bit are output during the 

OUTPUT 2 times. 


If acommand should terminate while in the sequence, 


the COMMAND TERMINATION bits will be set to 
UPDATE HDC9224 0-1. 
REGISTERS 
SEE 2. VERIFY (Command Termination Code = 1-0) 


After the UDC has read the ID Field, it attempts to ver- 
ify that it has found the correct cylinder. To do this, the 
UDC tries to find an ID Field sync mark on the selected 
disk. If the UDC is unable to find an ID Field sync mark 
STEP within 33,792 byte times, the SYNC ERROR bit (in the 
ENABLED? CHIP STATUS register) is set to 1”, and the com- 
mand is terminated. 


The UDC, after finding the ID Field sync mark, then 
reads the ID field and compares the information on 
ie ane to the etn tli in Me coe. 

DER, DESIRED HEAD and DESIR - 
OUTPUT REQUIRED TOR registers. 

STEP PULSES The UDC will hunt for sync marks and read ID fields 
until the desired sector is found. If the desired sector 
is not located within 33,792 byte times, then the 
COMPARE ERROR bit (in the CHIP STATUS regis- 

ter) is set to “1”, and the command is terminated. 
COMPLETE 


TERMINATION After the correct sector is found, the UDC checks the 

ENABLED CRC for the sector ID Field. If this is found to be incor- 
rect, the UDC sets to “1” the CRC/ECC ERROR bit 
in the INTERRUPT STATUS register, and the com- 
mand is terminated. 


(When the UDC is executing a READ PHYSICAL or 
SEEK WRITE PHYSICAL command, ID Fields are checked 
COMPLETE only until the first sector to be transfered is found. No 
ID Field checking is performed on subsequent sec- 
tors, although CRC checking is done.) 


If a command should terminate while in this sequence, 
the COMMAND TERMINATION bits will be set to 
1-0. 


3. DATA TRANSFER Sie ia 
ode = 1- 

If a READ PHYSICAL or READ LOGICAL com- 
mandis being executed, the UDC will try to find a data 
sync mark (FBhex or F8hex) on the disk. If the sync 
mark found is F8h, then the UDC will set the DELETED 
DATA MARK bit in the CHIP STATUS register. 


READ AND VERIFY After a data sync mark is found, the UDC then updates 
CORHCH EE ULIROEA its CURRENT HEAD and CURRENT CYLINDER 
registers from the information found on the disk and 
initiates a DMA request. If the host processor does not 
respond to the request within 1 byte time, then the UDC 

will set to “1” the OVER/UNDERRUN status bit in the 
RETURN INTERRUPT STATUS register, and the command will 
terminate. 


Using DMA, the UDC transfers a sector’s worth of data, 
and then reads the ECC and/or CRC bytes. Ifa CRC 
error or uncorrectable ECC error is detected, the UDC 
SEEK/READ ID OPERATION will decrement the RETRY REGISTER, set the 
RETRY REQUIRED status bit (in the CHIP STATUS 
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VERIFY 
ENABLED? 





497 


register), and return to the VERIFY sequence. 


If the UDC cannot read the sector, and the countinthe 
ENTRY COUNT register has expired, then the CRC/ 
ECC Error bit (in the CHIP STATUS register) is set, 
and the command terminates. 


During a multi-sector transfer, the UDC updates the 
DMA registers after all but the last sector operation, 
and the SECTOR COUNT register is decremented. If 
the SECTOR COUNT register equals 0, then the 
command is terminated. If the SECTOR COUNT reg- 
ister is not equal to O, then the UDC will increment the 
DESIRED SECTOR register, re-initialize the RETRY 
COUNT register (to its original value) and return to the 
VERIFY sequence. 


If a command should terminate while in this sequence, 
the command termination bits will be set to 1-1. 


MULTIPLE SECTOR 


PERFORM DATA 
TRANSFER 
TO/FROM DISK 


UPDATE 
EXTERNAL DMA 
ADDRESS COUNTERS 


DECREMENT 
SECTOR 
COUNT 


ae cca RETURN 


INCREMENT 
DESIRED SECTOR 
NUMBER 


MULTIPLE SECTOR READ OPERATIONS 





COMMAND DESCRIPTION 


RESET (Hex Value = 00) 
This command causes the UDC to return to a known state. 
This command allows the system software to reset the chip, 
and has the same effect as RST input becoming active. 


DESELECT DRIVE (Hex Value = 01) 
This command causes all of the drive select bits (Drive 
Select 0-3) in the OUTPUT 1 and OUTPUT 2 registers to 
become inactive. 


RESTORE DRIVE (Hex Values = 02, 03) 
This command will cause the HDC 9224 to output step 
pulses to the selected drive, so as to move the head back 
to Track 00. Before each step pulse, the UDC first checks 
the TRKOO and READY bits inthe DRIVE STATUS register. 
If TRKOO is active (high) or READY is inactive (low), then 
the UDC will terminate the command. 

The UDC will output up to 4096 step pulses. If the drive does 
not respond with an active (high) TRKOO signal within this 
period, the UDC will terminate the command with the DONE 




































bit set (to “1”) and the COMMAND TERMINATION CODE 
bits set to 1-0. (These bits are contained in the INTER- 
RUPT STATUS register.) 
This command takes two forms: 
COMMAND BYTE RESULT 
02 The command will terminate, and an inter- 
rupt generated after the UDC has issued the 
step pulses. 
03 The command will terminate, and an inter- 
rupt generated after the drive has provided 
a SEEK COMPLETE signal to the UDC. 
(This is useful in systems with “buffered 
seek” drives.) 
This command uses the step rate value loaded into the 
MODE register. 
STEP IN1CYLINDER . (Hex Values = 04, 05) 
This command will cause the HDC 9224 to issue one step 
pulse towards the inner most track. This command is gen- 
erally used during track formatting, and takes two forms: 
COMMAND BYTE RESULT 
The command will terminate, and an inter- 
rupt generated after the UDC issues the 
step pulse. 
05 The command will not terminate until the 
UDC recognizes the SEEK COMPLETE 
signal from the selected drive. Upon rec- 
ognition of SEEK COMPLETE the UDC will 
generate an interrupt. 
This command uses the step rate value programmed into 
the MODE register. , 
STEP OUT 1 CYLINDER (Hex Values = 06, 07) 
This command will cause the HDC 9224 to issue one step 
pulse towards the outer most track (Track 00). This com- 
mand is generally used during track formatting, and takes 
two forms: 
COMMAND BYTE RESULT 
This command will terminate, and an inter- 
rupt generated after the UDC issues the 
step pulse. 
07 This command will not terminate until the 
UDC recognizes the SEEK COMPLETE 
signal from the selected drive. Upon rec- 
ognition of the SEEK COMPLETE, the UDC 
will generate an interrupt. 
This command uses the step rate value programmed into 
the MODE Register. 
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POLL DRIVES (Hex Values = 10 thru 1F) 
This command polls the drives for a SEEK COMPLETE 
signal allowing the user to perform simultaneous seeks on 
up to four drives. Polling is enabled by setting (to 1) the 
appropriate bit in the command word: bit 0 for drive 0 thru 
to bit 3 for drive 3. 


This command executes as follows: 


The UDC will output a drive select for the first drive in 
the polling sequence and look for a SEEK COM- 
PLETE status input from the polled drive. If the polled 
drive has not completed a seek, then this line remains 
low (logic 0), and the UDC selects the next drive in the 
polling sequence. This continues until the UDC detects 
a SEEK COMPLETE signal from a drive, which causes 
the DONE bit in the Interrupt Status register to be set, 
and the command terminates. 


The UDC will continue to select the drive that produced 
the SEEK COMPLETE signal, allowing the user to read 
the DRIVE STATUS register to determine which drive 
caused the command termination. 


The POLL DRIVES command must be preceeded by SEEK 
or DESELECT. In normal use, a SEEK command would 
precede the POLL DRIVES command. In those cases 
issued to a drive in the polling sequence, it will be neces- 
sary to DESELECT that drive prior to issuing the POLL 
was not included in the polling sequence. 
DRIVE SELECT (Hex Values = 20 thru 3F) 
selected for operation. Any previously selected drive is 
deselected by this command. Bits 0 and 1 in the command 
has been selected. 
COMMAND WORD DRIVE 
SELECTED 

Drive 1 

Drive 2 
Decoded drive select signals are then placed on the data 
bus (via AB7-AB4) during OUTPUT 1 times and should be 
Since the HDC 9224 can interface both hard disks and floppy 
disks to a processor, the Drive Select command needs to 
the command word are used to pass this information to the 
chip, and take the following form: 

0 Hard disk with ST506 (Seagate) 
compatible format—256 byte data 
internal clock prescaling performed. 
Hard disk with user defineable for- 
length of 128, 256, 512, 1024, 2048, 
4096, 8192, or 16384 bytes with 4 
clock pre-scaling is performed. 

8 inch floppy disk, with standard 4 
ates a 1 MHz clock to be compatible 
with standard disk data rates. 

byte ID field. An internal divider cre- 
ates a 500 KHz clock to be compat- 


where another command (other than SEEK) has been 
DRIVES command. This applies even if the selected drive 
This command will cause one of (up to) four drives to be 
word indicate (in binary form) which of the (up to) four drives 
0 0 Drive 0 
0 1 
1 0 
1 1 Drive 3 
latched externally. 
also specify the type of drive being selected. Bits 2 and 3 in 
COMMAND WORD TYPE 
OF DRIVE 
field and 3 byte ID field per sector. No 
mat. This format allows a data field 
byte ID field per sector. No internal 
byte ID field. An internal divider cre- 
5.25 inch floppy disk, with standard 4 
ible with standard disk data rates. 






































NOTE: Microfloppy system designers should determine 
whether the drive they have chosen to use in the system is 
compatible with 8” floppy drives or 5.25” floppy drives, and 
use the appropriate values from the table above. 


Note that eight inch Winchester-type drives require an 8.696 
MHz system clock. All other drives require a 10 MHz system 
clock. It is not possible for the UDC to derive internally the 
clocks required for floppy disk operation from the 8.696 MHz 
clock required by 8 inch Winchester drives. 


To insure compatibility with various drives, the HDC 9224 
features a programmable head load timer. Head load delay 
may be inhibited by resetting the Delay Bit (Bit 4) in the Drive 
Select command word to 0. If Bit 4 is set (to 1), then the 
head load delay timer is configured with the value in the 
DATA/DELAY register (Register A), multiplied by value 
shown below: 


DRIVE AND HEAD LOAD TIMER INCREMENT 

FORMAT SELECTED (BIT 4 = 1 = Delay Enabled) 
5.25” HARD DISK 200 usec - 

(Double Density) 
5.25” HARD DISK 

(Single Density) 
8" FLOPPY 

(Double Density) 
8” FLOPPY 


400 usec 


(The HEAD LOAD 
TIMER is set to a value 
equal to this increment 
times the number in the 
DATA/DELAY register.) 
4 msec 


2 msec 


4 msec 
(Single Density) 

5.25” FLOPPY 
(Double Density) 

5.25” FLOPPY 
(Single Density 


8 msec 





The Drive Select command also optimizes certain charac- 
teristics of the HDC 9224 for the type of drive selected. 


IF HARD DISK SELECTED: 


—DMA mechanism works in burst mode and the bus is 
held for the entire sector transfer. 


—The RDGATE and WRGATE output signals follow the 
timing relationships shown in Figures 12A and 12B. 


—The GAP lengths are as shown in Table 1. 


i 


HEAD NUMBER 
REGISTER POINTER CYLINDER NUMBER 


<a G SECTOR COUNT _ 


MODE/CHIP_ STATUS 
INTERRUPT/DRIVE STATUS 


SET REGISTER POINTER COMMAND 
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IF FLOPPY DISK SELECTED: 


—DMA mechanism transfers an 8-bit byte, and releases 
the bus. , 


—The RDGATE and WRGATE output signals follow the 
timing relationships shown in Figures 12A and 12B. 


—The GAP lengths are as shown in Table 1. 


—The CLK input clock is prescaled (internally) to create 
an internal clock compatible with the floppy disk data 
rates. 


SET REGISTER POINTER (Hex Values = 40 to 4A) 
This command causes the register pointer to point to a reg- 
ister. The desired register number is loaded into the 4 least 
significant bits of the command word. (MSB in BIT 3). 


The register pointer is incremented by the UDC on each 
register access, until it points to the DATA register. This 
reduces the number of times the user must set the register 
pointer during read and write operation. 


Care should be taken to ensure that only valid register val- 
ues are loaded into the command word. (Valid register 
numbers are 0 thru OAH.) 


SEEK/READ ID (Hex Values = 50 to 57) 
This command will cause the UDC to read the first sector 
ID field found from the currently selected drive, head, and 
cylinder. The MODE register should contain the correct value 
for step rate and density options. 


After reading the ID field the UDC will examine the com- 
mand word and execute the specified options. Bits 2 thru 0 
in the command word are used to specify the following 
options: 

BIT 2 = 1 STEP ENABLE. The UDC will execute the step 
sequence, and position the head on the track 
specified by the DESIRED CYLINDER register. 

BIT2=0 STEP DISABLE. No step pulses will be issued 
by the UDC. 


BIT 1 = 1 WAIT FOR COMPLETE. The UDC will proceed 
to the verify sequence only after the drive has 
issued a SEEK COMPLETE signal. 


BIT 1 = 0 DO NOT WAIT FOR COMPLETE. The UDC will 
proceed to the verify sequence after the last step 
pulse has been issued. 


BITO = 1 VERIFY ID. The UDC will execute the VERIFY 
sequence after operations selected by the pre- 
vious options have finished. 

BITO = 0 DISABLE VERIFY ID. The UDC will not enter 
the VERIFY sequence. Instead, the command 
will terminate. 


The order in which these options execute is: STEP, COM- 
PLETE, VERIFY ID. Any combination of these option bits 
may be specified in the command word. 


READ SECTORS PHYSICAL (Hex Values = 58 and 59) 
This command will cause the UDC to read up to a full track 
from the disk. The user specifies the MODE, DESIRED 
CYLINDER, DESIRED HEAD, and DESIRED SECTOR 
along with the SECTOR COUNT. The UDC will find the 
ole cylinder and sector and set up to begin the data 
transfer. 


(If using drives which support buffered seeks, BITS 2-0 in 
the MODE SELECT register should be set to 0-0-0. This 
will cause the UDC to wait fora SEEK COMPLETE signal 
from the drive prior to entering the verify sequence.) 


If a BAD SECTOR bit is read (from the sector ID field) the 
UDC will set the COMMAND TERMINATION bits (in the 
INTERRUPT STATUS register) to 1-0, and set the DONE 
bit (in the INTERRUPT STATUS register) to 1, and termi- 
nate the command. 
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After each secior is successfully read, the SECTOR COUNT 
register is decremented. If the SECTOR COUNT register 
is not yet equal to O the process is repeated for the next 
physical sector on the track. This command also will ter- 
minate if the Index pulse is received from the drive. 


(Note that after the first sector is found, no further compar- 
ison is made against sector numbers found on the disk as 
the DESIRED SECTOR register value may not correspond 
to the next physical sector on the disk because of sector 
interleaving.) 


This command takes two forms allowing the user to specify 
the desired transfer option. The options are specified by Bit 
0 in the command word, and are: 


BITO = 1 TRANSFER ENABLE. The UDC will transfer the 
data fields to (external) memory, using DMA. 

BITO = 0 TRANSFER DISABLE. The UDC will NOT 
transfer any data to (external) memory, but all 
error detection circuitry will be enabled and 
errors reported. This is useful in detecting bad 
sectors and tracks on the disk. 


Before executing this command, the user must set the 
RETRY COUNT to 0. This is done by loading the high order 
nybble inthe RETRY COUNT register to 1111” (zeroin 1’s 
complement format). Failure to do this will result in unpre- 
dictable performance because the DESIRED SECTOR 
register value may not correspond to the next physical sec- 
tor on the disk. 


READ TRACK (Hex Values = 5A and 5B) 
When this command is issued, the UDC will read the data 
from the entire track on which the selected drive is currently 
sitting. The UDC will begin reading when it detects the lead- 
ing edge of an index mark signal from the drive, and termi- 
nate reading when it detects the next leading edge of an 
index mark signal. Sync detect is performed for the ID field, 
but no error checking is done on the data field. 


This command allows the user to specify a data transfer 
option, using Bit 0 in the command word. These options are: 


BITO = 1 TRANSFER ALL DATA. The UDC will transfer 
the ID field and data fields to (external) memory. 

BITO = 0 TRANSFER ONLY IDs. The UDC will transfer 
only ID fields to the (external) memory. This is 
useful during tape backup operations. 


READ SECTORS LOGICAL (Hex Values = 5C to 5F) 
When this command is issued, the UDC will read up to a full 
track from the selected drive. Prior to reading the data from 
the disk, the UDC will use the information in the MODE, 
DESIRED CYLINDER, DESIRED SECTOR and DESIRED 
HEAD registers to locate the correct track, sector and drive 
surface (using the previously described VERIFY sequence). 


(If using drives which support buffered seeks, BITS 2-0 in 
the MODE SELECT register should be set to 0-0-0. This 
will cause the UDC to wait fora SEEK COMPLETE signal 
from the drive prior to entering the verify sequence.) 


Before the command is issued, the system processor must 
also load the desired values. into the MODE, SECTOR 
COUNT, RETRY COUNT and the three DMA registers. 


After the desired track and sector is found and verified, the 
DATA TRANSFER sequence begins. After each success- 
ful sector transfer, the UDC increments the DESIRED 
SECTOR register, decrements the SECTOR COUNT reg- 
ister, and re-enters the VERIFY sequence. This process 
continues until the SECTOR COUNT register is equal to 0 
(or an error occurs). 

This command has four options, which are specified by Bit 
1 and Bit 0 of the command word. The four options are: 


BIT 1 = 1 BAD SECTOR BYPASS. If, during the read, the 
UDC finds a sector with the BAD SECTOR bit 


SEEK TO 
DESIRED 
CYLINDER 


READ DATA 
FIELD 


YES 
AUTO. 
CORRECTION 
ENABLED? 


EXECUTE 
CORRECTION 
ALGORITHM 


CORRECTABL 
ERROR? 
RETRY 
CORRECT ERROR 
IN MEMORY ENABLED? 
YES 


RETRY 
COUNT EXx- 
HAUSTED? 


READ SECTORS OPERATION 





set (from the sector ID field on the disk), the sec- 
tor be skipped, the sector count will not be dec- 
remented, and the sector number will not be 


changed. 


BIT 1 =0 BAD SECTOR TERMINATE. If, during a read, 
the UDC finds a sector with the BAD SECTOR 
bit set, the UDC will set the COMMAND TER- 
MINATION CODE to 1-0, set the BAD SECTOR 
Status bit and the DONE status bit, and termi- 
nate the command (with an interrupt, if ena- 
bled). All of the above named status bits are 
contained in the INTERRUPT STATUS register. 
TRANSFER ENABLED. The UDC will transfer 
data from the disk to the system. The DMA 
REQUEST status bit (in the INTERRUPT STA- 
TUS register) will be set when the UDC requires 


BITO = 1 


servicing. 
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BITO = 0 TRANSFER DISABLED. The UDC will not 
transfer data read from the disk, but all error 
checking circuitry will be enabled. 


FORMAT TRACK (Hex Values 60 to 7F) 
This command causes the UDC to format the current cyl- 
inder from the leading edge of one index mark to the leading 
edge of the next index mark. The format chosen is depen- 
dent on the Drive Select command. 


During execution of the FORMAT TRACK command, the 
UDC will fetch all required ID field data from external mem- 
ory, and write it to the disk, along with format constants sup- 
plied automatically by the UDC. This reduces the number 
of bytes required to format a sector to 3 or 4, depending on 
the format chosen. 


Before the FORMAT TRACK command can be given, the 
system processor must: 


1. Generate an ID Field table for the track in UDC 
memory area. This ID Field Table consists of: 

CYLINDER BYTE 

HEAD BYTE 

SECTOR NUMBER BYTE 

SECTOR SIZE/ECC SIZE BYTE (not required for 

ST-506 formats) repeated for each sector on the track. 


INTERLEAVED SECTORS 





The UDC can format a track with interleaved sectors by 
staggering the sector numbers. For example, to format a 
32 sector track, with a sector interleave factor of 4, the 
system processor would set up the ID Field table sector 
numbers as follows: 
0,8,16,24,1,9,17,25,2,10,18,26,3,11,19, 

27...7,15,23,31. 

(Note that when formatting in ST506 mode, only three 
bytes are required for each sector, while four bytes are 
needed for IBM or user defineable formats. Also note that 
sector numbers start with zero (0) on ST506 compatible 
format, and start with one (1) on IBM formatted floppy 
diskettes.) 


2. Load the UDC DMA registers with the starting address 
of the external memory buffer containing the ID Field data 
just created. 
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3. Issue the DRIVE SELECT command, which moves the » 


DMA registers to the CURRENT HEAD, CURRENT 
CYLINDER, and a TEMPORARY REGISTER. (This is 
necessary because the UDC will now re-use the DMA 
registers to hold format parameters). 


When formatting multiple cylinders, the system proces- 
sor does not need to re-issue DRIVE SELECT between 
cylinders as the STEP IN and STEP OUT commands 
preserve the DMA addresses and format parameters. It 
is necessary, however, to update the ID Field table, 
described in #1, above. 


4, Load the DESIRED HEAD register with the proper value. 


5. Load the following values (in the format shown) into the 
registers indicated below: 










GAP 0 Size 
GAP 1 Size 
GAP 2 Size 
GAP 3 Size 
Sync Size 
Sector Count 
Sector Size 
Mult. 


DMA 7-0 
DMA 15-8 

DMA 23-16 
Desired Sector. 
Desired Cylinder 
Sector Count 
Retry Count 























two’s complement format 
two’s complement format 
two’s complement format 
two’s complement format 
one’s complement format 
one’s complement format 
one’s complement format 









FORMAT PARAMETERS TABLE 
Since there is no GAP 0 specified in the ST506 format, 
the GAP 1 value should be loaded into both the DMA 
7-0 and DMA 15-8 registers. 


The Sector Size Multiple programs the UDC to format with 
a sector size that is a multiple of 128 data field bytes. For 
example, to format a track with a sector data field size of 
256 bytes, then the Sector Size Multiple would be set to 
FD hex, which is “2” in one’s complement notation. 


In ST506 format, the sector size is fixed at 256 bytes. In 
IBM floppy disk format, the sector sizes allowed are 128, 
256, 512, or 1024 bytes. With user defineable hard disk 
formats, allowed sector sizes are 128, 256, 512, 1024, 
2048, 4096, 8192, or 16384 bytes. 


6. Load the MODE register to specify the step rate, single 
or double density option, and CRC/ECC options. 


7. Step to the desired track. For the first track, this is nor- 
mally done by issuing a RESTORE DRIVE command, to 
return the heads to Cylinder 000, then use the STEP IN 
1 or STEP OUT 1 commands to move the head to sub- 
sequent cylinders on the disk. 


8. Issue the FORMAT TRACK command. All data fields on 
the disk will be filled with E5 hex. In double density 
recording (MFM) all gaps will be filled with 4E hex, while 
in single density (FM) all gaps will be filled with FF hex. 
This format is compatible for IBM specifications for floppy 
disks. 


9. To Format additional tracks, it is only necessary to update 

the ID Field table (step 1) and repeat steps 7 and 8. Do 
NOT modify the DESIRED HEAD register when format- 
ting additional tracks with the same head. If it is neces- 
sary to change the DESIRED HEAD register, the system 
processor must repeat all steps described above. 
The FORMAT TRACK command allows the user to 
specify several options. These options are specified by 
setting the appropriate low order bits in the command 
word. The bit mapping for these options are: 


BIT 4 = 1 Write Deleted Data Mark. During the for- 
mat process, the UDC will write the 
deleted data mark (F8 hex) for the data 
address field. 

BIT 4 = 0 Write Normal Data Mark. During the for- 
mat process, the UDC will write the nor- 
mal data field address mark (FB hex). 
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PARAMETER FORMAT REGISTER 


BIT 3 = 1 Write with Reduced Current. When this bit 
is set, the Reduced Write Current Output 
will go high (active) during the Output 2 
time slot. 

BIT 3 = O Write with Normal Current. When this bit 
is reset, the Reduced Write Current Out- 
put wil remain low (inactive) during the 
Output 2 time slot. 


Bits 2, 1, and O are used to select the Write Precom- 
pensation value to be used during the format of disks. 
The following table specifies these values: 


BIT2 | BIT1 
0 


Precompensation 
(For Floppy Disks) 


None, enable EARLY and LATE 
Outputs 

600 nsec, Minifloppy only 

500 nsec, Minifloppy only 

400 nsec, Minifloppy only 

300 nsec 

200 nsec 

100 nsec 

None, suppress EARLY and 
LATE Outputs 


BIT 0 





WRITE SECTORS LOGICAL (Hex Values AO thru BF, 

EO thru FF) 
This command will cause the UDC to write logically con- 
secutive sectors on the disk. Before issuing this command, 


the system processor must load the following UDC registers: 
DESIRED SECTOR DESIRED CYLINDER 


DESIRED HEAD SECTOR COUNT 
DMA 7-0 DMA 15-8 

DMA 23-16 MODE 

RETRY COUNT 


Since retries during a write command are not valid, the high 
order nybble of the RETRY register should be set to 0, in 
1's complement format (1111). 


WRITE 


SEEK TO 
DESIRED CYLINDER 


WRITE DATA MARK 
OR DELETED 
DATA MARK 


WRITE DATA 
TO DISK 


CALCULATE CRC OR 
ECC BYTES AND 
WRITE TO DISK 


RETURN 


WRITE DATA OPERATION 





Before writing data to the selected disk drive, the UDC will 
read the current ID field, step to the desired cylinder and 
verify that it has located the correct cylinder and sector. 
(These steps were described previously under “UDC Com- 
mand Overview”). 


After the “Verify” sequence is done, the “data transfer” 
sequence begins. The UDC will first write either a Data Mark 
(FB hex) or Deleted Data Mark (F8 hex) on the disk, as 
selected by the user (see below). Then the UDC will trans- 
fer a sector’s worth of data (using DMA) from the memory 
area specified by the DMA registers. After writing out the 
sector, CRC or ECC bytes will be written as specified by the 
MODE register. 


Next, the SECTOR COUNT register is decremented, and 
if not yet equal to 0, the operation continues for the next 
logical sector. 


This command allows the user to specify several options. 
These options are specified by bits in the command word 
and are as follows: 


BIT 6 = 1 BAD SECTOR BYPASS. The UDC will 
bypass the sectors with the BAD SEC- 
TOR FLAG set in the ID field. 


BIT 6 = 0 BAD SECTOR TERMINATION. The UDC 
will terminate the command when it 
locates a sector with the BAD SECTOR 
FLAG flag set in the ID field. In addition, 
the COMMAND TERMINATION CODE 
Status bits will be set to 1-0, the BAD 
SECTOR status bit will be set, the DONE 
status bit will be set, and if not masked, an 
interrupt will be generated. 


BIT5 = 1 WRITE LOGICAL COMMAND BIT 
(Always set to ‘1” for Write logical 
command). 


BIT 4 = 1 DELETED DATA MARK. Data will be writ- 
ten with a Deleted Data Mark (F8 hex) in 
the ID field. 

BIT 4 = 0 NORMAL DATA MARK. Data will be writ- 
ten with a Normal Data Mark (FB hex) in 
the ID field. 


BIT 3 = 1 REDUCED WRITE CURRENT. Setting 
this bit will cause the UDC’s Reduced 
Write Current output to go high. 

BIT 3 = 0 NORMAL WRITE CURRENT. Resetting 
this bit will cause the UDC’s Reduced 
Write Current output to go low. 


Bits 2, 1, and 0 are used to select the Write Precom- 
pensation value to be used during writes to disks. 
The table below specifies these values. 


BIT 2 | BIT 1 | BITO 


1 0 


Precompensation 

(For Floppy Disks) 
None, enable EARLY and LATE 
Outputs 
600 nsec, Minifloppy only 
500 nsec, Minifloppy only 


400 nsec, Minifloppy only 
300 nsec 

200 nsec 

100 nsec 

None, suppress EARLY and 
LATE Outputs 


NOTE: For hard disks, precompensation is handled 
with an external delay line, which is connected to the 
EARLY and LATE Outputs of the UDC. These lines 
toggle in response to the data pattern being written 
to the disk. 





WRITE SECTORS PHYSICAL (Hex Values 80 thru 9F, 
CO thru DF) 


This command will cause the UDC to write physically con- 
secutive sectors on the disk. Before issuing this commana, 
the system processor must load the following UDC registers: 


DESIRED SECTOR DESIRED CYLINDER 
DESIRED HEAD SECTOR COUNT 
DMA 7-0 DMA 15-8 

DMA 23-16 MODE 

RETRY COUNT 


Since retries during a write command are not valid, the high 
order nybble of the RETRY register should be set to 0, in 
1’s complement format (1111). 


Before writing data to the selected disk drive, the UDC will 
read the current ID field, step to the desired cylinder and 
verify that it has located the correct cylinder and sector. 
(These steps were described previously under “UDC Com- 
mand Overview”). 


After the “Verify” sequence is done, the “data transfer” 
sequence begins. The UDC will first write either a Data Mark 
(FB hex) or Deleted Data Mark (F8 hex) on the disk, as 
selected by the user (see below). Then the UDC will trans- 
fer a sector's worth of data (using DMA) from the memory 
area specified by the DMA registers. After writing out the 
sector, CRC or ECC bytes will be written as specified by the 
MODE register. Next, the SECTOR COUNT register is dec- 
remented, and if not yet equal to 0, the operation continues 
for the next physical sector. 


This command allows the user to specify several options. 
These options are specified by bits in the command word 
and are as follows: 


BIT 6 = 1 BAD SECTOR BYPASS. The UDC will 
bypass the sectors with the BAD SEC- 
TOR FLAG setin the ID field. 


BIT 6 = 0 BAD SECTOR TERMINATION. The UDC 
will terminate the command when it 
locates a sector with the BAD SECTOR 
FLAG flat set in the ID field. In addition, 
the COMMAND TERMINATION CODE 
Status bits will be set to 1-0, the BAD 
SECTOR status bit will be set, the DONE 
status bit will be set, and if not masked, an 
interrupt will be generated. 


BIT 5 = 0 WRITE PHYSICAL COMMAND BIT 
(Reset to “O” for Write Physical 
Command). 


BIT 4 


tl 
—_ 


DELETED DATA MARK. Data will be 
written with a Deleted Data Mark (F8 hex) 
in the ID field. 

BIT 4 = 0 NORMAL DATA MARK. Data will be writ- 
ten with a Normal Data Mark (FB hex) in 
the ID field. 


BIT 3 = 1 REDUCED WRITE CURRENT. Setting 
this bit will cause the UDC’s Reduced 
Write Current output to go high. 

BIT 3 = 0 NORMAL WRITE CURRENT. Resetting 
this bit will cause the UDC’s Reduced 
Write Current output to go low. 


Bits 2, 1, and 0 are used to select the Write Precom- 
pensation value to be used during writes to floppy 
disks. The table below specifies these values. 
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Precompensation 

Bo GaGg (For Floppy Disks) 

None, enable EARLY and LATE 
Outputs 

600 nsec, Minifloppy only 

500 nsec, Minifloppy only 

400 nsec, Minifloppy only 

300 nsec 

200 nsec 

100 nsec 

None, suppress EARLY and LATE 
Outputs 












ay 
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NOTE: for hard disks, precompensation is handled with an 
external delay line, which is connected to the EARLY and 
LATE Outputs of the UDC. These lines toggle in response 
to the data pattern being written to the disk. 


TAPE BACK-UP (Hex Values = 08 to OF) 
The TAPE BACK-UP command set provides the system with 
the capability of transferring data to and from a tape drive 
in continuous blocks. TAPE BACK-UP utilizes the UDC’s 
DMA, data conversion, error detection/correction and sec- 
tor count circuitry. 


Because of the mechanical and electronic differences 
between tape drives and disk drives, some of the register 
bits described earlier in this data sheet change functions 
when the UDC is executing the TAPE BACKUP COM- 
MAND. In many cases, the CLK input to the UDC will also 
need to be changed to compensate for the slower data rate 
from tape drives. 

TAPE BACKUP REGISTER DESCRIPTION 

The following bits in the UDC’s register file assume the 
functions listed below when executing the BACK-UP com- 
mand and should be programmed accordingly. 

The following tables describe the differences in register 
usage when the UDC is executing the TAPE BACKUP 
command. (Complete TAPE BACKUP register bit maps are 
located in rear of the data sheet.) 


MODE REGISTER 
Bit2 = 1 16 byte sync detect delay enable 
= 0 16 byte sync detect delay disabled 
Bit 1 = 1 TAPE BACKUP Write Enable (writing) 
= 0 TAPE BACKUP Write Disable (reading) 
BitO = 1 Tape mark enable (short block) 
= 0 Tape mark disable (long block) 


RETRY COUNT REGISTER 


Bits 7-4 Retry should be disabled, by setting these bits to 
“1”. (Retry Disabled) 

Bits 3-0 program outputs (user controlled). Bit 3 is typically 
used for write enable to the tape drive. 


Bits O and 1 are typically used for tape driven 
motion control as per drive manufacturer’s 
specification. 


DESIRED CYLINDER 


Bits 7-4 ECC Type Field: 


DB7 DB6 DB5 ODB4 ECC TYPE 


4 ECC bytes cenewled) 
checked 

5 ECC bytes generated/ 
checked 

6 ECC bytes generated/ 
checked 

7 ECC bytes generated/ 
checked 


0 1 


note: 5, 6, 7 byte ECCs are generated and checked by 
hardware external to the UDC.’ 











DESIRED CYLINDER 

Bit 3 Always 1 

Bits 2-0 Data Block Size: 
DB2~ DBI 


DBO DATABLOCK SIZE 
128 bytes 


256 bytes 
512 bytes 
1024 bytes 
2048 bytes 
4096 bytes 
8192 bytes 
16,384 bytes 


Remember that the UDC internal ECC code can correct up 
to a 4K byte long Data Block, but that the larger the Data 
Block the greater the probability of a miscorrection. 

Also, when executing the TAPE BACKUP command, the 
DRIVE SELECT command is altered slightly, as illustrated 
below: 


DRIVE SELECT COMMAND 
Bit # 7 6 5 4 


Drive O OO 1 RampUp/Down 1 CLK 
Select delay enable divisor 





CLOCK DIVISOR FOR TAPE 


CLK is divided by 10 (similar to 8” floppy divisor). 
CLK is divided by 20 (similar to 5.25” floppy divisor). 





These bits, in conjunction with Bits 4 and 7 of the MODE 
register, will allow selection of both FM and MEM recording 
on tape, with a tape format that resembles IBM compatible 
floppy disk formats. 


Setting the Drive Type bits to 1,0 or 1,1 will also cause the 
UDC to take on the following characteristics: 


—DMA mechanism transfers a byte (8 bits) and relin- 
quishes the bus. 

—The RDGATE and WRGATE output signals have timing 
characteristics as shown in Figures 12A and 12B of the 
UDC spec. 

—The gap lengths are as illustrated in Table 1 or the UDC 
spec. 

—Tape format parameters will be as per Table 1 of the UDC 
spec. 


COMMAND EXECUTION OVERVIEW 

The tape backup command allows the user a convenient 
method of backing up either floppy or hard disks to tape. 
The UDC may be interfaced to either cartridge or cassette 
type tape drives, working in either streaming or start/stop 
mode. 


Read and Write functions of TAPE BACKUP share a com- 
mon command byte. The three LSB’s of the MODE register 
are also used by the TAPE BACKUP command to specify 
user options, and to select between tape read or tape write 
mode. 


Two kinds of blocks may be specified when reading or writ- 

ing dependent on the state of the TAPE MARK ENABLE bit 

in the MODE register: 

1. DATA BLOCK. The length of the data block (also 

called a long block) is equal to: 
2 128 bytes where nis an integer 
between 0 and 7 inclusive. The 
desired length of the data block (2") 
is programmed into the desired cyl- 
inder register. 
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2. TAPE MARK. The minimum length of the tape 
mark (also called a short block) is 3 
bytes. The maximum length of the 
tape mark is 257 bytes. The desired 
length is programmed into the sec- 
tor count register. 


Multiple data block transfers are accomplished by pro- 
gramming the 1’s complement of the desired number of data 
blocks to be transferred into the sector count register. 


The three LSB’s of the MODE register function as part of 
the BACK-UP command word. The WRITE ENABLE bit 
determines whether loading the BACK-UP command into 
the UDC will initiate execution of a BACK-UP READ or 
BACK-UP WRITE sequence. The TAPE MARK ENABLE 
bit determines whether the UDC will write a short or long 
block of data on the tape and the DELAY ENABLE bit deter- 
mines whether or not the RDGATE signal is stretched when 
it coincides with a sync mark when reading the tape. The 
remaining bits in the command word are as follows: 


COMMAND DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 


BACK-UP 0 0 oO 0 0 0 


xfer 


(READING) enable 


BACK-UP 9 9 9 0 


(WRITING) precomp value 


BACK-UP READ 

When reading a short block, only CRC is checked. When 
reading along block, CRC or ECC will be checked, depend- 
ing on the CRC/ECC bits in the Mode register. 


BitO = 1 Data transfer enabled, error checking enabled 
= 0 Data transfer disabled, error checking enabled 


BACK-UP WRITE 
When writing, the precompensation value is derived from 
the CLK frequency as follows: 


Bit 2 Bit 1 BitO Precompensation 
None, enable EARLY and LATE 
6 CLK cycle periods 
5 CLK cycle periods 


4 CLK cycle periods 


3 CLK cycle periods 

2 CLK cycle periods 

1 CLK cycle period 

None, suppress EARLY and LATE 


PRECOMPENSATION SELECT FOR BACK-UP COMMAND 





TAPE BACKUP SYSTEM CONFIGURATION NOTES 

(A schematic showing a typical system implementation 
using the TAPE BACKUP feature is contained in Sche- 
matic Diagram 2.) 


1. Proper operation of the TAPE BACKUP command 
requires that the tape drive be addressed as DRIVE #3 
by the UDC. 


2. During the UDC’s OUTPUT 2 period external circuitry 
must enable a separate latch to receive the user defined 
IO bits and tape track number bits. This latch should 
use the DRIVE SELECT 3 signal (output during the 
OUTPUT 2 period) so that the contents of the latch may 
only be changed when the tape drive is selected. 


Four additional drive control signals may be loaded into 
the four LSB’s of the RETRY COUNT register. These 
additional outputs are latched externally during OUT- 
PUT 1 times for use by the tape drive. These outputs 
would normally be used to control tape drive Write Ena- 
ble logic (bit 3) and tape motion (bits 0 and 1), and tape 
motor on and off (bit 2). 





3. It is important to consider the time required for a tape 
drive to come up to operating speed when using the 
TAPE BACKUP command. Also, to insure adequate 
spacing between tape blocks, a delay is frequently 
required before stopping tape motion. The UDC has a 
programmable Ramp Up and Ramp Down timer to allow 
for easier implementation. The desired delay is pro- 
grammed into the DATA/DELAY register before issuing 
the DRIVE SELECT “3” command. 


DENSITY BIT 
MODE 
REGISTER 
BIT 4 


TIME IN SECONDS PER 
DELAY REGISTER COUNT 


1 CLK Cycle * 80000 
1 CLK Cycle * 40000 
1 CLK Cycle * 40000 
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1 CLK Cycle * 20000 


The UDC will issue a normal interrupt (with the com- 
mand termination code set to 0-0) when the RAMP UP 
or RAMP DOWN timer has expired. 


4. BACK-UP WRITE. The user will first request the UDC 


to perform a disk READ TRACK command, with the 
TRANSFER ENABLE bit in the command word reset. 
This will cause the UDC to transfer only the ID field 
information to memory. 
The TAPE BACKUP command will then be issued 
causing the UDC to write this ID information to the tape 
as a tape mark (typically 96 bytes for a drive formatted 
with a 3 byte/sector ID field or 128 bytes for a drive for- 
matted with a four byte/sector ID field. The data fields 
should then be transferred to the tape in a similar 
manner. 
The UDC may be used with either “Streaming” or “Start/ 
Stop” type tape drives. This is illustrated by the follow- 
ing examples: 

A. START/STOP TAPE DRIVE: 

typically transfers 1% or 1 disk track at a time as illus- 

trated by the following flow chart: 


> READ DATA FROM DISK TO MEMORY 
START TAPE DRIVE 
WRITE BLOCK FROM MEMORY TO TAPE 


STOP TAPE DRIVE 















When controlling a start/stop tape drive, the UDC will 
write the data “block by block”. The system will issue 
a Drive Select command to the UDC with the Tape 
Motion, Motor On and Write Enable bits set to start 
and write data to the tape. 


The UDC will interrupt the system after the comple- 
tion of the Ramp Up Delay indicating that the tape drive 
is up to speed. This interrupt is distinguished by the 
Command Termination Code of 0-0 (normal comple- 
tion of command). 


The System then outputs the Write command (for a 
long or short block) and waits for the command ter- 
mination interrupt. The UDC will write the Sync mark 
and tape mark or data block on the tape. 

When the System receives the interrupt indicating 
completion of the Write command, it willissue another 
drive select command with the Motor On and Write 
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Enable bits set to stop the drive. The UDC will inter- 
rupt the system after completion of the Ramp Down 
Delay indicating that the tape has stopped moving. 


The UDC will turn the Write Gate signal on when itis 
writing data and off when it is not, without regard to 
the tape motion. The Write Gate signal is used to gen- 
erate “gaps”: on the tape between the data blocks. This 
is done by externally forcing the two Data outputs with 
the Write Gate signal such that the Data + signal is 
high and the Data — signal is low when the UDC is 
not writing data to the tape (Write Gate is off): 


DRIVE STOPPED DRIVE STOPPED 
| GAP [ TAPE MARK AND/OR DATA BLOCK | MARK ANO/OR DATA BLOCK GAP | 


WRITE GATE: 
TAPE SPEED: 

STOPPED TAPE AT SPEED STOPPED 

=—> RAMP UP DELAY *— RAMP DOWN DELAY 
DRIVE SEL BACKUP q DRIVE SEL 
1. tape motion on 1. read or write 1. tape motion off 
2. write enable on 2. long or short block 2. write enable off 
(write) or off (write or read) 


(read) 


B. STREAMING TAPE DRIVE: 


typically transfers 1 sector at a time as illustrated 
by the following flow chart: 


ee er 


Control of a streaming tape drive is similar to that of a 
start/stop drive. The tape is started at the beginning 
of the data transfer and stopped after the last block is 
written to the tape. The tape is not stopped in between 
blocks. The UDC will however turn the Write Gate sig- 
nal on when it is writing data and off when it is not so 
that gaps will be written (with external hardware) on 
the tape between the data blocks. 


5. BACK-UP READ. The data is read from the tape (in 
either start/stop or streamer mode) and buffered in 
memory. The disk track is then reconstructed from 
the data. 


The start/stop drive typically has a track (or half a track) 
of disk data stored as a block. It is therefore expedient 
to read in the data “block by block”. When reading data 
from a streamer drive use can be made of the SECTOR 
COUNT register and a track’s worth of data blocks may 
pe brat from the tape before generating the track on 
the disk. 


Tape motion control is similar to that described above 
except that the Write Enable Bitis off to inhibit writing to 
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the tape. The UDC reads the tape until it detects a sync 
mark. After detecting a sync mark the UDC will transfer 
the data found on the tape to memory. 


6. The search count is used when reading the tape. It 
specifies a maximum number of blocks of 128 bytes 
between adjacent data blocks. If the search count 
expires before sync is detected, the command is 
terminated. 


For example, if a search count of two is specified by 
loading the Desired Sector register with FD (hex), the 
UDC will search for 256 byte times before terminating 
the command. This will prevent the UDC from acciden- 
tally skipping a block. The search count is typically about 
the size of one block length. In the following figure, TM1 
and TM2 are two tape marks and DB1, DB2, DB3 etc. 
are their associated Data Blocks: 


™1 DB1 DB2 DB3 DB4 T™M2 DB1 
bq} oP — 4 Ot OR SOF 


—_—_— 
search count 


7. 16 BYTE DELAY. Provision is made to shift the RDGATE 
pulse in the event that it coincides with the data block 
sync mark. If a tape cannot be read (sync is never 
ean the tape can be re-read with the 16 byte delay 
enabled. 


DATA GAP sync DATA GAP 


RDGATE without delay: LJ LI LI LJ LJ LJ 
LL miss sync mark detect 


LL 16 byte delay 


8. The DRIVE STATUS bits may be used by the tape drive 
if they are enabled (on the drive) by DRIVE SELECT 3. 
The ready change interrupt is especially handy for 
detecting start of tape (SOT) and end of tape (EOT) as 
a UDC command can be terminated by a change in state 
of the READY input. 


9. The DATA FORMAT is as follows: 


PRE TMSYNC TAPE MARK POST GAP PRE DBSYNC DATA BLOCK POST GAP 


The Tape Mark sync mark (TMSYNC) is composed of 
three bytes of A1 (Hex) followed by one byte of FE (Hex). 
The Data Block sync mark (DBSYNC) is composed of 
three bytes of A1 (Hex) followed by one byte of FB (Hex). 
A1 (Hex) is encoded with the standard missing clock 
pattern. 


The sync mark is preceeded by a “preamble” consist- 
ing of bytes of 00 as per figure 2 of the UDC spec (this 
is required to synchronize the data separator when 
reading the tape). The Tape Mark and Data Block 
(including CRC or ECC bytes) are followed by a “post- 
amble” consisting of one byte of 00. 


Note that the postamble is not included in the Floppy 
Disk formats. The GAP sizes are dependent onthe type 
of drive (start/stop or streamer) and the specific 
mechanical tape drive specifications. 


RDGATE with delay: 








10. Use can be made of the Sector Count register when 
doing a “file” (versus a “mirror image’) backup on a 
start/stop tape drive. Instead of transferring the entire 
disk track to the tape in one long block, the data is moved 
file by file. 


If, for example, it is desired to back up a file consisting 
of five 256 byte long Hard Disk sectors, a 2048 byte long 
Data Block would have to be used for an image backup 
(the Data Block size is specified as 2" * 128 restricting 
blocks to 128, 256, 512 etc.). This would result in a lot 
of wasted space on the tape. 


If file backup is used and the Sector Count is set to five, 
256 byte long Data Blocks can be used. Gaps will be 
generated on the tape corresponding to the time 
required to get the data from the disk drive (correspond- 
ing to DMA delays and the disk interleave factor). 


The tape will not be stopped until the entire file is trans- 
ferred. When using sector count, the UDC internal pro- 
gramming will create inter-block gaps of about 30 to 32 
bytes on the tape in both single (FM) and double (MFM) 
density modes. 


11. Typical determination of CLK frequency for a tape drive 
is illustrated by the following example: 


A tape drive manufacturer specifies a flux transition 
density of 640 transitions/inch or a 192 KHz data rate 
(corresponding to a bit time of 5.208 uSec). The bit time 
for a 5% inch double density floppy disk is 4 uSec. 


The CLK frequency required to read and write the tape 
can be determined by solving the following equation 
for X: 
4 uSec 1/10 MHz . 

5.2uSec  1/X MHz aesrisea Mile 
This is the maximum CLK frequency for the UDC in this 
instance. Also note that in this instance the CLOCK 
DIVISOR bits (Bits 3 and 2 in the Drive Select com- 
mand word) should be set to 1-1, just as they would be 
set for the 5.25” floppy drive specified in the example. 


The user must be sure that the clock transition (between 
10 MHz and the frequency required by the tape drive) 
is done without “glitches”. In many applications, it may 
be more convenient to simply divide the standard 10 
MHz clock by 2 (externally), and use the resultant 5 MHz 
signal as the CLK input when using the TAPE 
BACKUP command, even though this will reduce the 
total amount of data that may be stored ona single tape 
cassette or cartridge. 

Additionally, the user should issue a RESET command 
when switching between tape and disk clocks. This will 
ensure proper operation of the UDC. 
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SYSTEM CONFIGURATION NOTES 


A simplified UDC schematic is shown in Schematic 1. The 
following notes may be helpful in implementation of the UDC. 


1. In systems using a private memory area, it is important 
to know when the buffer needs servicing from the host 
processor. A second interrupt signal (INT2) signals the 
processor that servicing is needed. INT2 is generated by 
externally ANDING the ECCTM signal with STB1 signal. 
(The STB1 signal is active when the UDC is outputing 
the DMA address data, and occurs when STB is active 
(low), SO is active (high) and S1 is inactive (low)). 

This “interrupt” occurs only when the UDC needs the 
system processor to either read from or write to the buffer 
memory. When reading from the disk, the system pro- 
cessor should empty the memory buffer each time this 
signal becomes active. (If an ECC error is detected, and 
error correction is enabled, this signal will not become 
active until the UDC has attempted to correct the error.) 


When writing data to the disk, the system processor must 
fill the buffer each time this signal becomes active. 


2. The DIP (DMA in Progress) signal is used to isolate the 
buffer memory from the main system memory. If 74LS244 
and 74LS245 address buffers are used in the memory 
addressing circuits, then this signal should be used to 
enable or disable the address buffers, as required. This 
eliminates the possibility of memory contention problems. 


3. Write precompensation (for floppy disks) is handled 
internally by the UDC. For hard disks, the LATE and 
EARLY signals are connected to a multiplexer which, in 
turn is connected to a 24 ns delay line. The EARLY and 
LATE signals will toggle in response to the data pattern 
being written. This will allow the data being written to the 
shifted + 12 ns from the nominal 12 ns delay specified 
by hard disk manufacturers. 


4. The interface to the hard disk drive data inputs and out- 
puts requires RS-422 data tranceivers. Other disk drive 
interface circuits (including floppy disk data inputs and 
outputs) may be 74LS series devices. 


5. Since the UDC uses its Aux Bus for multiple functions, 


the system designer must be able to determine which 
function is occuring on the Aux Bus at any given time. 
The SO and S1 signals, when combined with STB signal 
are decoded (using a 74LS138 or equivalent) to provide 
STBO-3 signals. 


These generated signals and their respective functions 
are: 


STBO Drive Status Input Time Slot 

STB1 External DMA Address Counters Time Slot 
STB2 Output 1 Time Slot 

STB3 Output 2 Time Slot 


. The clocks required by the UDC are not TTL-level com- 


patible. Pullup resistors (typically 390 ohms) should be 
used with Schottky drivers to insure that the clock signals 
reach the proper Input (high) level, with acceptable rise 
and fall times. 


. The UDC features a built-in DMA controller that requires 


connection to external counters. These counters are 
configured so that they are incremented after each byte 
is transferred. (The UDC’s internal DMA circuits transfer 
the starting memory address for each read or write oper- 
ation.) 74LS161 Counters are typically used in this area. 


. The DMACLK input should be tied to the master system 


clock, through a bus buffer. It is important to remember 
that three DMACLK periods are required for each DMA 
transfer. 


9. The system design may be simplified, and costs reduced, 
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by using the FDC 9216B Floppy Disk Data Separator, to 
separate raw data from the floppy disk drive into RDATA 
and RCLK. 
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ERROR CHECKING AND CORRECTION CIRCUIT (ECC) 
OPERATING PRINCIPLES 

The UDC will automatically detect and correct errors in the 
data read from the disk. Error checking may be done using 
industry standard CRC or ECC encoding. Error correction 
may be done using either internal or external ECC encod- 
ing. This section will explain ECC operation, as imple- 
mented on the UDC. 


The UDC contains two 16-bit registers used by the CRC/ 
ECC circuits. CRC logic uses only one of these registers, 
while the logic for ECC uses both registers, implementing 
a full 32-bit algorithm. 


These registers may be preset to either one or zero, ved 
the CRC PRESET bit in the INTERRUPT/COMMAN 
TERMINATION register. (This allows compatibility with 
existing disk controllers and external ECC chips.) Both ECC 
and CRC are calculated beginning with the sync mark of 
the address (CRC) or data (ECC) field. 


CRC/ECC GENERATION 

The UDC uses the following industry standard polynomials 
in computing the CRC and ECC check bytes: 

CRC: x'@+x'2+x5 +1 
 — ECC: x3 +x23 +x21 +x11 +x? +1 

As the UDC writes data to the disk drive, it first passes this 
data thru the CRC (and, if enabled, ECC) registers. After all 
data has been written, the remaining two (CRC) or four 


(ECC) bytes remaining in these registers are written to the 
appropriate address or data field. 


CRC/ECC CHECKING 

When CRC or ECC checking is initiated, the internal CRC/ 
ECC registers are set to either zero or one, as required by 
the CRC PRESET bit in the INTERRUPT/COMMAND 
TERMINATION REGISTER. Data read from the disk is 
simultaneously shifted thru the CRC/ECC registers, and 
transferred to external memory. 


After the CRC or ECC check bytes have been shifted thru 
the CRC/ECC registers, the remainder in these registers 
should be zero, else an error has occurred in the address 
or data block. 


If CRC or ECC (without correction) is enabled, automatic 
retry (if enabled) or command termination will occur. If inter- 
nal ECC with automatic correction is enabled, the correc- 
tion algorithm will be executed. If the internal ECC algorithm 
is unable to correct the error (in one attempt), then auto- 
matic retry (if enabled) or command termination will occur. 


ECC CORRECTION 
Error Correction consists of three distinct parts: 


1. The CRC/ECC registers are normalized by shifting zeros 
thru the register. This sets up a data block which is 42,987 
bits long, which corresponds to the “natural message 
length” of the generation polynomial. The actual number 
of zeros shifted through the registers depends on the dif- 
ference between the natural message length of the gen- 
erator polynomial and the actual length of the data block 
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being checked. The longest data block that can be cor- 
rected (using the internal ECC algorithm) is 4K bytes. 


2. The data input to the CRC/ECC registers is then dis- 
abled and the DMA counters are re-initialized to the 
starting address for this data block. The contents of the 
CRC/ECC registers are then “ring-shifted” until 21 con- 
secutive zeros are detected. The remaining bits in the 
CRC/ECC registers compose the error syndrome. As the 
CRC/ECC registers are shifted, the UDC generates DS 
signals, causing the external DMA counters to be incre- 
mented. When the 21 consecutive zeros are detected, 
the DMA counters are pointing to the corrupt data. 


If the error syndrome is not found within the data block 
the error is judged to be uncorrectable and the correction 
algorithm is terminated. (The data block is the length of 
the data field in the sector and the 4 ECC bytes. A format 
with a sector size of 256 bytes would have a data block 
size of 260 bytes.) 


3. When the error syndrome is detected, the UDC will ena- 
ble its ECCTM output, read the next byte from memory, 
exclusive-or it with the first byte of the three byte error 
syndrome, disable the ECCTM output and write the cor- 
rected byte back to memory. The correction process is 
then repeated for the next two bytes in memory. 


When using internal ECC (with correction enabled), the 
ECCTM output is used by the external DMA counters to 
inhibit the counters from incrementing their addresses 
when correcting the erroneous bytes. When using exter- 
nal ECC, the ECCTM output goes active (low) when the 
UDC is requesting the ECC Check Bytes from the exter- 
nal ECC chip prior to writing them to the disk. 

After a correction is completed, the UDC will then attempt 
to read the next sector on the disk (if the SECTOR 
COUNT register is still greater than zero). Anytime ECC 
correction has been attempted, (even if unsuccessful), 
the CORRECTION ATTEMPTED bit in the CHIP STA- 
TUS register will be set. 


The maximum time required for one ECC Correction Cycle 
(using the internal algorithm) is: 


1) (Natural Message Length [Bits]}+ 4 = ECC Cycle Time 
8 (in Byte times) 





2) Maximum ECC Time = ECC Cycle Time + 30 byte times 


Since the internal algorithm has a natural message length 
of 42,987 bits the ECC Cycle time is 5,377 byte times. Since 
a period of about 30 byte times must be allowed for the read- 
modify-write operations, the Maximum ECC Time equals 
5,407 byte times. 


One byte time equals the amount of time required to read 
one byte for the type of drive selected. For Hard Disks, this 
is about 1 microsecond. This equates to approximately 1 
revolution (maximum) for either 8” floppy disk (running in 
double density) or 5.25” hard disk. 


During the entire operation, the RDGATE signal is kept 
active. 


MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range? secs coestanc vaetocite sy acecd ete raaljadatne cs lad Susu edasathayeeedawedeteneds cea Oto +70C 
shortage Temperatlire Aange «haut ices iesacsdiaiac eauaecveain tad aakel oreieeeencaeietaiiden ms oetea —55Cto +150C 
Lead Temperature (soldering, 10 sec.) +325C 
Positive Voltage on any Pin, with respect to Ground .......... cc ce ceccee cece cent cece eee e ene e en eenee snes enesenenes 
Negative Voltage on any Pin, with respect to Ground ....... cece ee nee eee ete e eee ence este ete e ene e eee -0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maxi- 
mum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” 
on their outputs when the AC power is switched off. In addition, voltage transients on the AC power line may appear 


on the DC output. If this possibility exists it is suggested that a clamp circuit be used. 


DC ELECTRICAL CHARACTERISTICS Ta=0C to + 70C, Vec=5.0V +5% 


PARAMETER 
Input Voltage 

Vil Low 
Vin High 
Vih2 High 

Output Voltage 
Volt Low 
Voh1 High 
Vol2 Low 
Voh2 High 
) Input Leakage Current 
L 

Input Capacitance 
Cin 
Power Supply Current 

Icc 


NM 
NO 
< 


0.4 


0.4 


<< << 


2.4 


| wo | | | 
ae eee 
200 

ma 


AC ELECTRICAL CHARACTERISTICS Ta=0C to +70C, Vec=5.0V +5% 


PARAMETER 
PROCESSOR WRITE CYCLE 


C/D, R/W, CS Setup time to DS| 


C/D, R/W, CS Hold time to DST 
DS Pulse Width 

DS Pulse High Time 

Data Bus In Setup time to DST 
Data Bus In Hold time to DST 


PROCESSOR READ CYCLE 
Data Access time from DS | 
Data Hold time from DST 


UDC TO MEMORY TIMING 
(BUS MASTER) 
(based on 10 Mhz CLK Input) 
Write Setup time to DS 
Write Data Strobe Widt 
Write Hold time from DST 
Data Strobe Falling Edge 
Data Strobe Rising Edge __ 
Write Data Setup time to DSI. 
Write Data Hold time after DST 
Memory Access Time 


Read Setup time to Del 
Read Hold time after D le 
Read Data Strobe Pulse Width 
Read Data Setup time to Dt 
Read Data Hold time from DST 
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é 


SOUMENTS St tangy 


all inputs except CLK 
CLK input 


all outputs except WDATA, 
Early and Late. (Drive 1 
TTL load into 50 pf) 
WDATA, EARLY and LATE 
outputs. (Will drive 1 
Schottky load into 15 pf.) 


— 
= 
2 
— 
o 
uw 
ie) 


COMMENTS 





PARAMETER 


S0, $1, AND STB TIMING 
STB Width oe 
S0, $1 Hold time after STB} 
Data In Setup time to sel 
Data In Hold time after STBT 


INPUT CLOCK TIMING (10 MHz Input) 
Clock Rise Time 
Clock Fall Time 
Clock Cycle High Time 
Clock Cycle Low Time 
Clock Cycle Time 


PRECOMPENSATION TIMING 
Early, Late Setup time 
(Before WDATA1) 
Early, Late Hold Time 
(after WDATA|) 


FLOPPY INPUT DATA TIMING 
Window Setup time to RDCLK 
Window Hold time from RDDATAT 


HARD DISK INPUT DATA TIMING 
Data Setup time to RDCLK| 
Data Hold time after RDCLK| 
Clock Setup time to RDCLK 
Clock Hold time from RCLK 





Tsw 
Tsp 
Tois 
Tou 


Tar 
Tre 
TcuH 
Tet 


Teve 


T WWA 


T WWB 


TeRB 
Trra 


Ture 
Tura 
Tuce 


THA 
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COMMENTS 


+5ns 


DISK DRIVE 
STATUS 


*REQUIRED a DRSEL3 
FOR STANDARD 
UDC/HARD DISK 

INTERFACE 


TAPE DRIVE 
STATUS 


TAPE MOTION CTL 


WRITE ENABLE 
TRACK # 


> 
=z 
= 
= 
(>) 
lu 
an 





DRSEL3 


SCHEMATIC 2: UDC/TAPE DRIVE INTERFACE CIRCUIT 
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TO CLK INPUT 
74804 


or 
equivalent T 
RT 


FIGURE 1: RECOMMENDED CLK DRIVER CIRCUIT FIGURE 2: INPUT CLOCK TIMING (10MHz) 


DB7-0 
(WRITES) 


087-0 DATA VALID 
(READS) (READ FROM }) 
MEMORY) 





FIGURE 4: UDC TO MEMORY TIMING (BUS MASTER) 
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DMACLK 


U 
I 
' 


\ / 
-+UT LT] \ LAST }, BYTE_1 


i) 
4 
i 
1 


U 


TRISTATE 


\ 
\ r \ \ 
TRISTATE TRISTATE 
U 
1 \ 
t ' 
1 ‘ 


DATA OUT (oman) 
t— MAX BYTE RATE 1.6us = 


UDC DMA MEMORY TIMING FOR HARD DISK 
Figure 5 (BURST MODE) 


FIGURE 5: UDC DMA MEMORY TIMING FOR HARD DISK (BURST MODE) 


SECTION VI 


pipotcea” Nig Not oe eT el Ney Ne A Ne Neg 

‘ t 4 
BYTE READY 4 ‘ t ' : 

\ 1 ' 1 \ 
DMAR y ' 1 f \ \ y 

! | 
' fi t 1 / ee 

ACK | mn ‘1 \ i 


~ 


TRISTATE : TRISTATE 
\ 
TRISTATE t TRISTATE 
\ 
\ 
f) 1 
0 i] 


DATA OUT ! 
DATA IN 


UDC DMA TIMING FOR 
FLOPPY DISK (1 BYTE AT A TIME) 


FIGURE 6: UDC DMA TIMING FOR FLOPPY DISK (1 BYTE AT A TIME) 
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, MISSING CLOCK : 
1 0 1 0 0 0 0 1 1 1 1 1 1 1 1 0 


/-—___—- ADDRESS MARK bag DATA “FE” ———————| 


FIGURE 8: UDC DATA WRITE TIMING 


DRIVE TYPE T (typ) Twa (typ) 

HARD DISK 200 NS 100NS | 
8" MFM FLOPPY 300 NS 
; 300 NS 


8" FM FLOPPY | — | 
5Vs" MFM FLOPPY 300 NS 





| 5%"FMFLOPPY ses | = — _—i|_-300NS FIGURE 9: PRECOMPENSATION TIMING 
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| alt aor) of deen) apa ant aac ae | ae [ised see], ae 
|g ADDRESS MARK >| 


MFM . 


RDATA 


INTERNAL 0 0 1 
COMPARE 


0 0 1 


0 1 0 
|——______— A1, 0A COMPARE bee SYNC BYTE 


RDDATA 


ft ruux 

REVERSAL 

FLOPPY INPUT DATA TIMING HARD DISK INPUT DATA TIMING 
(HARD DISK BIT=0) (HARD DISK BIT=1) 


FIGURE 10 


oS REPEATED N TIMES Ss 


FB 
os HIS S| S |aar2 or A 
8 rere BIBI SIS] & [itt] Go| re} 128databytes forci| crce | Soe 8 | SAPs 


£ {! ; 27-FF | 247xFF NOMINAL 
INDEX AM ID AM L DATA AM 
ECCTM 


FLOPPY DISK FORMAT; SINGLE DENSITY 2 bytes 


a REPEATED N ry 


~ ‘i FB 
GAP @ | SYNC GAP 1 — SYNC GAP 2 | SYNC GAP 3 GAP 4 
BOx4E | 12x00 3XC2 FC 50x4E | 12x00 3xA1 | FE | TK|SIDE[SEC| SIZE, cro} cnca| 22x4E | 42x00 3xA1 oe 256 data bytes CRC1ICRC2) 54x4E 508x4E 


INDEX AM ID AM DATA AM 


ECCTM 
2 bytes 


FLOPPY DISK FORMAT; DOUBLE DENSITY 


SSS SSS SS REPEATED N eS 


SYNC a. 8 JSYNCI GAP 3 GAP 4 
| sm | Al | Fe[cw] no| sec crc crce| SI 11x09 Al] F8 256 data bytes CRC1 Y CRC24 3,00 x 15x4E]  940x4E 


ID AM DATA ID 
ECCTM 


HARD DISK FORMAT 2 bytes 


FIGURE 11: DISK FORMATS 
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SECTION VI 





FOR 
—@— FLOPPY 
ONLY 
! INDEX 
as SYNC ‘AM G1 }SYNC] ID G2 | SYNC | DATA] G3] SYNC | ID | G2] SYNC DATA |>3| sync | 10] G2 | syno| DATA | G3 | syno| 1o| c2| sywc Joana G3 | G4 | 
\ ! : 
| 


' 
\ i SBYTES }e—>| | 256 bytes | 
ROGATE | j f RDG 2 ROG ! 
I 
= 16 Bytes 
copia cess AM AM FOUND { AM FOUND | AM NOT FOUND AM FOUND AM NOT FOUND AM rowno| | AM FOUND 
(SINGLE DENSITY) FE —_—}_—_ FB FE FB FE ——_+|-— FB——f— FE 


(DOUBLE DENSITY) AI FE af AFB —fmaire ——_-—— ++ AL FE teeny ATFE —4 ATFB oxfam A1FE ene 
HARD DISK Seen 
( ) AtFE——}-——A1Fo—f YF ad AES AIFE —} AIFe AIFE 


*8 bytes for single density 
°*128 bytes for singladensity 


FIGURE 12A: RDGATE DURING DISK READ 


Joo | svnc|25X|cr|sync}i0] ce] sync| pata |cafsvnc}iofaefsyvc| oata]ca| sync io| G2 | sync | DATA ss] sync] ID | G2| sync | para| Gs | 
' ‘ 
1 RDG3 =~ wt. 16 Bytes 
1 


| ‘ 5 Bytes 
' 


pa ak { AMNOT FOUND { AM FOUND { AM FOUND 
WRG2} 
' 


AM FOUND 


WRGATE WDG3 


FIGURE 12B: RDGATE AND WRITE GATE TIMING 


STANDARD FORMAT PARAMETERS 


PARAMETER SINGLE DEN. FLOPPY | DOUBLE DEN. FLOPPY 
GAP O° Pond 
GaP ee eS coal 
GaP: ae 

ac eS 
| 


GAP 3* 
SYNC SIZE * 


SECTOR COUNT * user selectable user selectable 


user selectable 


user selectable 


6 26 

11 

8 27 

"SECT. SIZE MULT * user selectable 
RDG i 

a 

21 

a 

iar eae 


1 
1 
13 
4 


2 
> 


WDG 2 


WDG 3 


* = PARAMETER USED BY FORMAT COMMAND 


TABLE 1: STANDARD FORMAT PARAMETERS 
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REGISTER BIT DEFINITIONS 





7 5 4 3 2 0 
DMA 7-0 (MSB) LOW ORDER BYTE OF DMA BUFFER (LSB) 
(REGISTER 0) MEMORY STARTING ADDRESS 
DMA 15-8 (MSB) MIDDLE ORDER BYTE OF DMA BUFFER (LSB) 
(REGISTER 1) MEMORY STARTING ADDRESS 
DMA 23-16 (MSB) HIGH ORDER BYTE OF DMA BUFFER (LSB) 
(REGISTER 2) MEMORY STARTING ADDRESS 
DESIRED SECTOR 
(REGISTER 3) (MSB) DESIRED SECTOR NUMBER (LSB) 
DESIRED HEAD ALWAYS HIGH ORDER BITS OF DESIRED HEAD NUMBER 
(REGISTER 4) 0 (MSB) DESIRED CYLINDER : 
(MSB) (LSB) 
DESIRED CYLINDER 
(REGISTER 5) (MSB) LOW ORDER BITS OF DESIRED CYLINDER (LSB) 
SECTOR COUNT 
(REGISTER 6) (MSB) NUMBER OF SECTORS TO BE OPERATED ON BY COMMAND (LSB) 


PROGRAMMABLE OUTPUTS 


REGISTER) RETRY COUNT (1'S COMPLEMENT) 
(REGISTER 8) Bee cRc/ecc = ENABLE. | SINGLE, STEP RATE SELECT 





= 
COMMAND TEam, |CRCPRESET | piways | INTERRUPT USER FLAG FLAG = 
(REGISTERS) 0=Set to 0 0 PROTECT | CHANGE S 
ro 
DATA/DELAY (MsB) HEAD LOAD DELAY MULTIPLE IS LOADED INTO THIS REGISTER (LSB) 
(REGISTER A) DATA IS LOADED TO OR READ FROM THIS REGISTER 
CURRENT HEAD BAD HIGH ORDER BITS OF CURRENT HEAD NUMBER 
(READ REGISTER 4) | SECTOR CURRENT CYLINDER 
FLAG (MsB) (MsB) (LSB) 


CURRENT CYLINDER (MSB) (LSB) 


(READ REGISTER 5) 


CHIP STATUS ECC DELETED 
(READ REGISTER 8)} prtguimep |CORRECTION| CRCIEGC DATA eanod CONFARE | PRESENT DRIVE SELECTED 
ATTEMPTED MARK READ 
DRIVE STATUS USER WRITE 
ECC SEEK TRACK DRIVE WRITE 
(READ REGISTER 9) INDEX DEFINED | PROTECT 
ERROR COMPLETE 00 TE potas READY FAULT 
peas a INTERRUPT DMA BONE COMMAND TERMINATION READY OVERRUN/ BAD 
(COMMAND READ) | PENDING | REQUEST CODE CHANGE | UNDERRUN | SECTOR 


TABLE 2: REGISTER BIT MAPS 


LOW ORDER BITS OF CURRENT CYLINDER NUMBER 
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UDC WRITE REGISTERS (APPLIES DURING TAPE BACKUP ONLY) 


REGISTER DB7 DB6 DBS DB4 DB3 DB2 DBI DBO 
(REGISTER 0) (MSB) DMA BEGINNING ADDRESS BUTE (LOW ORDER BITS) (LSB) 
DMA 15-8 
(REGISTER 1) (MSB) DMA BEGINNING ADDRESS BYTE (MIDDLE ORDER BITS) (LSB) 
(REGISTER 2) (MSB) DMA BEGINNING ADDRESS BYTE (HIGH ORDER BITS) (LSB) 
DESIRED 
z SECTOR 5 (MSB) MAXIMUM SEARCH COUNT (IN 1'S COMPLEMENT) (1) (LSB) 


ere tke TRK # TRK # TRK # TRK # 
(REGISTER 4) BIT 3 BIT 2 BIT 1 BITO 
DESIRED 
(REGISTER 5) ECC TYPE AES DATA BLOCK SIZE 


TAPE MARK BLOCK SIZE DATA BLOCK COUNT 
STREGISTER 6). (IN 2'S COMPLEMENT +1) OR (IN 1'S COMPLEMENT) 
(MODULO 256) (2) (3). 


RETRY COUNT 

ALWAYS CRC/ECC SINGLE/ SYNC TAPE 
(REGISTER 8) "0" ENABLE pouBLE | AlWAyS DELAY eNAERE MARK 

FOR TAPE CODE DENSITY ENABLE ENABLE 
INTERRUPT/ 
restinwtGe | esr | MMS | MTN | AMS | GEER | QE | READY 

T 0 1 FINED 

(REGISTER 9) DONE PROTECT | CHANGE 


NOTES: (1) The maximum search count is composed of: 
130 byte inner loop (RDGATE high 128, 2 byte times) 
times the number programmed (maximum of 33,150 byte times 
(2) Tape mark operation 
(3) Data block operation 





TABLE 3: TAPE BACKUP REGISTER BIT MAPS 
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UDC READ REGISTERS (APPLIES TAPE BACKUP ONLY) 
REGISTER DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 


DMA 7-0 
(REGISTER 0) (MSB) DMA BEGINNING ADDRESS BYTE (LOW ORDER BITS) (LSB) 

DMA 15-8 (MSB) DMA BEGINNING ADDRESS BYTE (MIDDLE ORDER BITS) (LSB) 
(REGISTER 1) 


(REGISTER 2) (MSB) DMA BEGINNING ADDRESS BYTE (HIGH ORDER BITS) (LSB) 


DESIRED (LSB) 
(MSB) MAXIMUM SEARCH COUNT (IN 1'S COMPLEMENT) 


SECTOR 
(REGISTER 3) 


CURRENT © 
HEAD 
(REGISTER 4) 


CURRENT 
CYLINDER 
(REGISTER 5) 


CHIP ECC CRC/ECC PRESENT 
STATUS X CORRECTION ERROR X X X DRIVE 
(REGISTER 6) ATTEMPTED SELECTED 
DRIVE USER USER USER USER 
SEEK WRITE WRITE 
nlltiinn _ ne 


DATA 
(REGISTER 8) READ DATA 


INTERRUPT COMMAND OVER/ 
STATUS BENOING Bee TERMINATION BUNGE UNDER 
(REGISTER 9) CODE (3) RUN 


NOTES: (1) Active level can generate interrupt. 
(2) Active Level will not cause interrupt. 
(3) Command termination bits set to: 
11 for data transfer error 
10 for syne error 
00 for successful termination 
X Don't care 





> 
z 
° 
- 
© 
uu 
7) 





. 


TABLE 4: TAPE BACKUP REGISTER BIT MAPS 
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COMMAND BIT DEFINITIONS 
7 6 5 4 3 2 1 0 
Oe Ne Oe 
DESELECT { 
DRIVES 


RESTORE 1 = Buffered 
DRIVE k 











STEP IN 
1 CYLINDER 
STEP OUT 1 = Buffered 
1 CYLINDER Seek 
® = Normal 
Seek 
POLL 1 = Poll Drive 3} 1 = Poll Drive 2| 1 = Poll Drive 1|1 = Poll Drive ® 
DRIVES @ = Don't Poll | ® = Don't Poll | @ = Don't Poll | @ = Don't Poll 
SELECT Da ayes a 
elay Enabled 
DRIVE 0 = Delay DRIVE UNIT SELECTED 


Disabled 





SET REGISTER 
Wait F 
SEEK/READ ID 1 oe For May 
Complete 
READ SECTORS 1 1 Enable 
PHYSICAL Transfer’ 

READ 1 { { 1 = Transfer All 
TRACK , 0 = Transfer ID 








READ SECTORS 1 = Bad Sector 
LOGICAL ro pare Enable 
Sector Transfer 
Terminate 
FORMAT Write Write With ‘ 
TRACK 1 1 Deleted Reduced ee isi as 
Data Current a 
WRITE SECTORS 1 =Bad Sector F Write With . 
PHYSICAL Bypass Reduced PRECOMPENSATION 
0=Bad Sector pee VALUE 


Termination Current 


WHITE SECTORS 1 = Bad 
LOGICAL Sector . : . 
Bypass eae, PRECOMPENSATION 
0 = Bad Current VALUE 

Sector 
Terminate 


TAPE TWAT: 
BAC Caen —|o[a [neat en | 
TABLE 5: COMMAND WORD BIT MAPS 
522 





DESIRED VALUE: 10 

BINARY REPRESENTATION: 00001010 

ONE’S COMPLEMENT: 11110101 (INVERT EACH BIT) 

TWO’S COMPLEMENT: 11110110 (ADD 1 TO ONE’S COMPLEMENT) 


Many processors have instructions which will automatically compute one’s and two’s 
complement numbers. Some examples follow: 


8085 
CMA ; complement acc. (one’s complement) 
INR A; convert 1’s complement to 2’s complement 


6800 
NO; one’s complement 
NEG ; two’s complement 


Z-80* 

CPL ; one’s complement of Acc. 
NEG ; two’s complement of Acc. 
8086/8088 


NOT ; one’s complement 
NEG ; two’s complement 


TABLE 6: HOW TO COMPUTE ONE’S AND TWO’S COMPLEMENT VALUES 


“Registered trademark of Zilog Corporation 





> 
=z 
—4 
ro 
o 
wu 
” 
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STANDARD MICROSYSTEMS 
(TION 


35 Marcus Bd, Hauppauge. NY 11788 
(516) 273-3100 TWX-510-227- 8898 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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en Keyboard Encoder 
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() May be custom mask programmed 
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= 
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Keyboard Encoder Read Only Memory 


FEATURES . PIN CONFIGURATION 


C1] Outputs directly compatible with TTL/DTL or 
MOS logic arrays. 


C) External control provided for output polarity 
selection. 


C1 External control provided for selection of odd 
or even parity. 


C Two key roll-over operation. 
OC N-key lockout. 
CL Programmable coding with a single mask 


40 [J Frequency Control A 


Keyboard 
Matrix 
Outputs 


1 
2 
3 
4 
5 
6 
7 
8 





eee: Data Output B4 
. . . '. ata Ou 
C) Self-contained oscillator circuit. Data OutnGees TI 
CO Externally controlled delay network provided Data Output 82] Keyboard 
to eliminate the effect of contact bounce. Data Output B1 : Matrix 
; . A 7 | t 
CO One integrated circuit required for complete Strobe Ouiput nputs 
keyboard assembly. 
L) Static charge protection on all input and Strobe Controt Input [] 
output terminals. Data & Strobe [] 
C] Entire circuit protected by a layer of glass were 
passivation y ¥ g PACKAGE: 40-Pin D.I.P. 


GENERAL DESCRIPTION 


The SMC KR2376-XX is a 2376-bit Read Only Memory any special interface components. 

with all the logic necessary to encode single pole The KR2376-XxX is fabricated with low threshold, 
single throw keyboard closures into a usable 9-bit P-channel technology and contains 2942 P-channel 
code. Data and strobe outputs are directly compatible | enhancement mode transistors ona single monolithic 
with TTL/DTL or MOS logic arrays without the use of chip, available in a 40 pin dual-in-line package. 


TYPICAL CONNECTION OF KR2376-XX 


YO Y1 Y2 Y3 Y4 YS Y6 Y7 Y8 Y9 Y10 
























KR2376-XX ad 
an SSS = 

Vos —>4 r=) 
Vono —>—4¢ 0 KHz re 
1 OSCILLATOR Scars i 

Veco —>—4 (77) 









FREQUENCY 
CONTROL 


11 BIT | npitcomparaton =| 
TUT TILor ea SurRS 
CONTROL 
28 | 1STAGERING COUNTER | | 1STAGERING COUNTER | COUNTER 


SHIFT INPUT 


CONTROL INPUT 


OBE 


STR 2376 BIT ROM 
CONTROL INPUT 


(9 BIT x 88 KEYS x 3 MODE) 


Veo Veo | SURE Rae / 88 SPST KEYBOARD SWITCHES 
DATA & STROBE 20 ; 





INVERT INPUT TTVOTL/MOS 
PARITY _6 COMPATIBLE OUTPUT DRIVERS TYPICAL SWITCH 
INVERT INPUT 
STROBE OUTPUT EXOMELE 






Bs 87 B6 BS B4 83 B2 BI 

PARITY OUTPUT N / : 

Fi 1 DATA OUTPUTS Hestiguae) C1 (.001,4) provide approx. 1.5 ms delay 
g. * R2 (100KQ), ‘op (50pf) provide 50KHz clock frequency 
(see figure 6) 
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MAXIMUM GUARANTEED RATINGS+ 


Operating Temperature Range .......... cece ccc eee eee reece eee e eee eeeees 0°C to +70°C 
Storage Temperature Range ........ ccc cee cece cece eee eee ete ne ee eeeees —65°C to +150°C 
GND.and Vaa, with respect to Voc... ccc ccc cece cece cece eee eee e ee eeees —20V to +0.3V 
Logic Input Voltages, with respect to VoC ... cece cece cc eee eter e eee eneennes —20V to +0.3V 


t Stresses above those listed may cause permanent damage to the device. Thisis astress rating only 
and functional operation of the device at these or at any other condition above those indicated in 


the operational sections of this specification is not implied. 


ELECTRICAL CHARACTERISTICS 


(Ta = 0°C to +70°C, Voc = +5V +0.5V, Vac = —12V +1.0V, unless otherwise noted) 


Characteristics Min Typ Max Unit Conditions 
CLOCK 20 50 100 KHz _ see fig.1 footnote (**) for typical 
R-C values 

DATA INPUT 

Logic “0” Level +0.8 V 

Logic ‘1” Level Vec-1.5 V 

Input Capacitance 10 pf 
INPUT CURRENT 

“Control, Shift & YO 

thru Y10 10 100 140 vA Vin=+5.0V 
*Control, Shift & YO 
thru Y10 5 30 50 HA Vin= Ground 

Data Invert, Parity Invert 01 1 HA Vin=—5.0V to +5.0V 
DATA OUTPUT & X OUTPUT . 

Logic “0” Level +0.4 V lo. =1.6mA (see fig. 7) 

Logic “1” Level Vcec-1.0 VV lon=100 pA 
POWER CONSUMPTION 140 200 mW _ Nom. Power Supp. Voltages 

(see fig. 8) 

SWITCH CHARACTERISTICS 

Minimum Switch Closure see timing diagram-fig. 2 

Contact Closure Resistance 

between X1 and Y1 300 Ohm 
Contact Open Resistance 
between X1 and Y1 1x 10’ Ohm 


“Inputs with Internal Resistor to Vac 


DESCRIPTION OF OPERATION 


The KR2376-XX contains (see Fig. 1), a 2376-bit 
ROM, 8-stage and 11-stage ring counters, an 11-bit 
comparator, an oscillator circuit, an externally 
controllable delay network for eliminating the effect 
of contact bounce, and TTL/DTL/MOS compatible 
output drivers. 

The ROM portion of the chip is a 264 by 9-bit 
memory arranged into three 88-word by 9-bit 
groups. The appropriate levels on the Shift and 
Control inputs selects one of the three 88-word 
groups; the 88-individual word locations are 
addressed by the two ring counters. Thus, the ROM 


address is formed by combining the Shift and 
Control Inputs with the two ring counters. 

The external outputs of the 8-stage ring counter 
and the external inputs to the 11-bit comparator are 
wired to the keyboard to form an X-Y matrix with the 
88-keyboard switches as the crosspoints. In the 
standby condition, when no key is depressed, the 
two ring counters are clocked and sequentially 
address the ROM; the absence of a Strobe Output 
indicates that the Data Outputs are ‘not valid’ at 
this time. 
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When a key is depressed, a single path is completed 
between one output of the 8-stage ring counter 
(XO thru X7) and one input of the 11-bit comparator 
(YO-Y 10). After a number of clock cycles, acondition 
will occur where a level on the selected path to the 
comparator. matches a level on the corresponding 
comparator input from the 11-stage ring counter. 
When this occurs, the comparator generates a 
signal to the clock control and to the Strobe Output 
(via the delay network). The clock control stops the 
clocks to the ring counters and the Data Outputs 


(B1-B9) stabilize with the selected 9-bit code, 
indicated by a ‘valid’ signal on the Strobe Output. 
The Data Outputs remain stable until the key is 
released. 

As an added feature two inputs are provided for 
external polarity control of the Data Outputs. Parity 
Invert (pin 6) provides polarity control of the Parity 
Output (pin 7) while the Data and Strobe Invert 
Input (pin 20) provides for polarity control of Data 
Outputs B1 thru B8 (pins 8 thru 15) and the Strobe 
Output (pin 16). 


SPECIAL PATTERNS 


.Since the selected coding of each key is defined 
during the manufacture of the chip, the coding can 
be changed to fit any particular application of the 
keyboard. Up to 264 codes of up to 8 bits (plus one 
parity bit) can be programmed into the KR2376-XX 


ROM covering most popular codes such as ASC11, 
EBCDIC, Selectric, etc.,as wellas many specialized 
codes. The ASC11 code is available as a standard 
pattern. For special patterns, use Fig. 9. 


TIMING DIAGRAM 


SWITCH 
CLOSURE 








88 CLOCK roe a 
SWITCH 
J swe 
Y KEYBOARD sc 
MATRIX OUTPUT 


STROBE OUTPUT 


MINIMUM ae CLOSURE 
STROBE WIDTH 
[_ergne SWITCH 
DELAY BOUNCE >| 


SWITCH 
sarin 











Rea ag 


VALID 


MINIMUM SWITCH CLOSURE = SWITCH BOUNCE + (88%). + STROBE DELAY + STROBE WIDTH 


MAXIMUM DETERMINED DETERMINED BY MINIMUM TIME 
EXPECTED BY FREQUENCY EXTERNALRC REQUIRED BY 
OF OPERATION EXTERNAL 
{EXTERNAL RC) CIRCUITRY 
Fig. 2 


POWER SUPPLY CONNECTIONS FOR 
TTL/DTL OPERATION 








OUTPUT DRIVER & “X” OUTPUT STAGE 
TO KEYBOARD 


S 
za. 
22 
—_ 
‘oO 
us 
4 





-12vV +5V Gnd Veo Veno 
TTL/DTL TTL/DTL 
LOGIC OR INPUTS OUTPUTS | LOGIC OR OUT 
SMC LOW KR2376-XX SMC LOW IN 
VOLTAGE VOLTAGE 
MOS LOGIC MOS LOGIC Vee Ve 
C 






POWER SUPPLY CONNECTIONS FOR 
MOS OPERATION 


-17V" 







FROM HIGH OR 
LOW VOLTAGE | INPUTS outputs | TO HIGH 
MOS OR TTL/DTL KR2376-XX OR LOW 
REFERENCED VOLTAGE 
TO -5V ue 


Fig.3 


“Y” INPUT STAGE FROM KEYBOARD 


Vea 


ig +5 
KEYBOARD INTERNAL 
INPUT GATING 
T 
Veg COUNTER - 
STATIC CHARGE Saas eyes 


PROTECTION DEVICE 


Fig. 4 
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STROBE OSCILLATOR 
DELAY FREQUENCY 
VS. C, VS. C5 


O25 yf 





002uf 


0015yf 





001 pf 





CAPACITANCE 
CAPACITANCE - pf 


Nom. Supp. Voltage 











0 
ie) 20 40 60 8 10 
FREQUENCY - KHz 


Fig.6 


2 
DELAY - msec 


Fig. 5 


CODE ASSIGNMENT CHART 


KR2376-ST 
8 Bit ASCII, odd parity 


ithe = it 
Lad 
ee 





Fig.9 


B1 B2 B3 B4 BS B6 B7 B8 


NS Ce yg 
tot 
1 | 12345678 9 
gei-p--------  - 4 --m— NORMAL 
y9 4———---—-—--- @-—— —— SHIFT 
| eS ee a----- ——> CONTROL 


(Code representative of key depression at 
location X0-Y9 and proper mode selection) 


TYP. OUTPUT 


ON RESISTANCE TYP. POWER 
VS. GATE CONSUMPTION 
BIAS VOLTAGE VS. TEMPERATURE 


Rovon) - Ohms 


TYP POWER - 




















0 10 20 30 40 50 60 70 
TEMPERATURE - °C 


Fig.8 


553025 20715 ~*10~*S 
Ves - Volts 


Fig.7 


DATA (B1-B8) INVERT 
TRUTH TABLE 
DATA & STROBE CODE. 


ATA 
INVERT INPUT ASSEN ENT: Caitee 
(Pin 20) CHART (B1- 


o--0 


1 1 
0 1 
1 0 
0 0 


STROBE INVERT 
TRUTH TABLE 
DATA & STROBE 


INVERT INPUT 
(Pin 20) 


1 1 


STROBE 
OUTPUT 
(Pin 16) 


INTERNAL 
STROBE 


==3900 


0 0 
1 0 
0 1 


PARITY INVERT 
TRUTH TABLE 
PARI 


CODE TY 
INVERT INPUT ASSIGNMENT OUTPUT 
(Pin 6) CHART (Pin 7) 


1 0 
1 1 
0 1 
0 0 


o-0- 


MODE SELECTION 


N = Normal Mode 

S = Shift Mode 

C = Control Mode 

@ = Output Logic "1" (see data B1-B8) 
Logic “1" = +5.0V 

Logic “0” = Ground 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 


STANDARD MICROSYSTEMS 
COR TION 


35 Marcus Blvd . Hauppauge. NY 11788 
{516) 273-3100 TWX-S10-227- 8898 
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STANDARD MICROSYSTEMS KR3600-XX 


CORPORATION eer KR3600-ST 
— KR3600-STD 


KR3600-PRO 
Keyboard Encoder Read Only Memory 


FEATURES PIN CONFIGURATION 
™ Data output directly compatible with TTL 
a N Key rollover or lockout operation Function 
= Quad mode Option 1 Xe 
= Lockout/roltover selection externally selected as option Option ] See 2 Xi 
® On chip-master/slave oscillator Option) scicirent 4 3 X2 
# All 10 output bits available Sol) Chart” 4 X3 
= Fully buffered data outputs Option | 5 Xa 
s Output enable provided as option Data Output B9 6 Xs 
« Data compliment control provided as option a Output td t 
= Pulse or level data ready output signal provided as an option ae ae ze ms 
w Any key down output provided as an option Data Output BS Delay Node taput 
= Contact bounce circuit provided to eliminate contact bounce Data Output B4 Vee 
= Static charge protection on all input/outputs Data Output B3 Shift Input 
= Pin for Pin replacement for G! AY-5-3600 Data Output B2 Control Input 
Data Output 81 Voce 

GENERAL DESCRIPTION Voo “Ye 

The SMC Microsystems KR3600-XX is a Keyboard Encoder Data Ready Ye 
containing a 3600 bit read only memory and all the logic Yo Yr 
necessary to encode single pole single throw keyboard v1 , Ys 
closures into a 10 bit code. Y2 Ys 

The KR3600-XX is fabricated with a low voltage p channel Ys 


technology and contains the equivalent of 5000 transistors ona 
monolithic chip in a 40 lead dip ceramic package. 


YoY, Ye Vs Ye Ys Ye Yr Yq Ys BLOCK DIAGRAM 



















[ EXTERNAL CLOCK 
| INPUT (OPTION) 
Veo >—224 
15 
Yoo ->—>4 10 BIT COMPARATOR 
Veo 224 





10 STAGE 
RING COUNTER 


3600 SIT ROM 
(10 BIT X 90 KEYS X 4 MODE) 





> 
pa 
= 
[ i 
us. 
aL) 


SHIFT 
CONTROL 





SWITCHES 






TTL/OTL/MOS 







cM CONTROL COMPATABLE CHIP ENABLE (OPTION) 
(OPTION) OUTPUT DRIVERS 





1 
_t— LOCKOUT/ ROLLOVER (OPTION) 


REFER TO FIG.1 FOR OPTION PIN SELECTION. 

#Rt (IOOK A), Cl (45—F) PROVIDES APPROX. SOKHZ CLOCK FREQ, 
#% C2 (300nS DELAY/ CPF) R2 SUPPLIED INTERNALLY. 

# %% DIODES NECESSARY FOR COMPLETE nKEY ROLLOVER OPERATION, 


B10 B9 BS 87 BG BS 84 B35 B2 Bi NOTE: 
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DESCRIPTION OF OPERATION 


The KR3600 contains a 3600 bit ROM, 9-stage and 10-stage ring counters, a 10 bit comparator, timing 
circuitry, a 90 bit memory to store the location of encoded keys for n key rollover operation, an externally controllable 
delay network for eliminating the effect of contact bounce, an output data buffer, and TTL/DTL/MOS compatible 
output drivers. 

The ROM portion of the chip is a 360 by 10 bit memory arranged into four 90-word by 10-bit groups. The 
appropriate levels on the Shift and Control Inputs selects one of the four 90-word groups; the 90-individual word 
locations are addressed by the two ring counters. Thus, the ROM address is formed by combining the Shift and Control 
Inputs with the two ring counters. 

The external outputs of the 9-stage ring counter and the externa! inputs to the 10-bit comparator are wired to 
the keyboard to form an X-Y matrix with the 90-keyboard switches as the crosspoints. In the standby conditions, when 
no key is depressed, the two ring counters are clocked and sequentially address the ROM, thereby scanning the key 
switches for key closures. 

When a key is depressed, a single path is completed between one output of the 9-stage ring counter (X0 thru 
X8) and one input of the 10-bit comparator (Yo-Yo). After a number of clock cycles, a condition will occur where a 
level on the selected path to the comparator matches a level on the corresponding comparator input from the 
10-stage ring counter. 

N KEY ROLLOVER — When a match occurs, and the key has not been encoded, the switch bounce delay network 
is enabled. If the key is still depressed at the end of the selected delay time, the code for the depressed key is transferred 
to the output data buffer, the data ready signal appears, a one is stored in the encoded key memory and the scan 
sequence is resumed. If a match occurs at another key location, the sequence is repeated thus encoding the next key. 
If the match occurs for an already encoded el the match is not recognized. The code of the last key encoded 
remains in the output data buffer. 

N KEY LOCKOUT — When a match occurs, the delay network is enabled. If the key is still depressed at the end of 
the selected delay time, the code for the depressed key is transferred to the output data buffer, the data ready signal 
appears and the remaining keys are locked out by halting the scan sequence. The scan sequence is resumed upon 
key release. The output data buffer stores the code of the last key encoded. 

SPECIAL PATTERNS — Since the selected coding of each key and all the options are defined during the 
manufacture of the chip, the coding and options can be changed to fit any particular application of the keyboard. Up 
to 360 codes of up to 10 bits can be programmed into the KR3600 ROM covering most popular codes such as ASCIl, 
EBCDIC, Selectric, etc., as well as many specialized codes. 


Pin2 


Internal 
. Clock 


CUSTOM CODING INFORMATION 
The custom coding information for SMC’s 
3600 Bit Keyboard Encoder ROM should 
be transmitted to SMC. The Truth Table 
should be completed on the format supplied. - 


LEGEND 
CC = Complement Control 
AKO = Any Key Down Output 
B10 = B10 (Data) Output 
LO/RO = Lockout/Rollover : 
CE = Chip Enable apvaine 
internal Clock = Self Contained Oscillator 
External Clock = External Frequency Source | 


Pin 1 Pin 2 


OPTION SELECTION/PIN ASSIGNMENT 
FIGURE 1 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ......... 0... ccc ccc ce tne eee een enes 0°Cto +70°C 
Storage Temperature Range.......... cc eee e ene eect eee nnes —55°C to + 150°C 
Lead Temperature (soldering, 10 S€C.). 0... eee eee cee teen tenons + 325°C 
Positive Voltage on any PIN, Voc... ec cccee ee ee nent ne teen ene ees +0.3 V 
Negative Voltage on any Pin, Veco 2.6 cc ec tence cnet teen eens —25V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other condition above those indicated in the 
operational sections of this specification is not implied. 


ELECTRICAL CHARACTERISTICS 


(T, =0°C to 70°C, Veg = +5V +5%, Veg =—12V +1.0V, Vpp = GND, unless otherwise noted) 


Characteristics 


Clock Frequency 


External Clock Width 


Data & Clock Input 

(Shift, Control, 
Compliment Control, 

Lockout/Rollover, 
Chip Enable 

& External Clock) 
Logic ‘‘0”’ Level 
Logic ‘'1” Level 
Shift & Control Input 

Current 


X Output (X9-Xz) 
Logic “1” Output Current 


Logic ‘‘0” Output Current 


Y Input (Yo-Yo) 
Trip Level 
Hysteresis 
Selected Y Input Current 


Unselected Y Input Current 


Input Capacitance 


Switch Characteristics 
Minimum Switch Closure 
Contact Closure 

Resistance 


Strobe Delay 
Trip Level (Pin 31) 
Hysteresis 
Quiescent Voltage (Pin 31) 
Data Output (B1-B10), 
Any Key Down Output, 
Data Ready 
Logic ‘‘0” 
Logic “1” 


Power 
lec 
les 


**Typical values are at + 25°C and nominal voltages. 


NOTE 





Conditions 


See Block diagram footnote* 
for typical R-C values 


Vin= +5V 


Vour=Vec (See Note 2) 
Vour = Vec—1.3V 

Vour = Vec—2.0V 

Vout = Vec—5V 

Vout = Vec—1 OV 

Vout = Vee 

Vout = Vec—1.3V 

Vout = Vec—2.0V 

Vout = Vec—5V 

Vout = Vec—10V 


Y Input Going Positive (See Note 2) 
(See Note 1) 
Vin= Vee 
Vin=Vec—1.3V 
Vin=Vec—2.0V 
Vin =Vec—4.0V 
Vin=Vec 
in=Vec—1.3V 
Vin =Vcc—2.0V 
Vin= Vec—5V 
Vin= Vec—1 OV 


at OV (All Inputs) 


> 
ae: 
= 
= 
© 
qu 
n. 





See Timing Diagram 


Zcc 
Zco 


(See Note 1) 
With Internal Switched Resistor 


Vec= +5V 
Ves =—12V 


1. Hysteresis is defined as the amount of return required to unlatch an input. 
2. Precharge of X outputs and Y inputs occurs during each scanned clock cycle. 
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SWITCH SWITCH 
CLOSURE RELEASE 


MINIMUM SWITCH CLOSURE 


90 CLOCK CYCLES 
SWITCH STROBE 
BOUNCE DELAY 







TIMING DIAGRAM 











KEY T 
CLOSURE 1 bash } 
“| cycLes 
f I 
DATA. READY Re Sipe ee ee 4 ier LEVEL 
ee a PULSE n KEY 
iad ! ROLLOVER 
DATA f tlt ! 
OUTPUT ee) 1 
1 tot I t 
ee | __ [RESETS AT FIRST Xo ¥ 
14 1 0 To 
ANY KEY a [255 FIRST Xi Yt | 
OUTPUT — — —————— ees 


l 

| RESUME SCAN FOR—= 

| Nn KEY ROLLOVER = | RESUME SCAN FOR 
n KEY LOCKOUT 


MINIMUM SWITCH CLOSURE = SWITCH BOUNCE + (90x14) + STROBE DELAY + STROBE WIDTH 


’ 





MAXIMUM DETERMINED BY 
EXPECTED EXTERNAL C 

DETERMINED MINIMUM TIME 
BY FREQUENCY REQUIRED BY 
OF OPERATION EXTERNAL 
(EXTERNAL RC) CIRCUITRY 

"Y" INPUT STAGE FROM KEYBOARD "“"X" OUTPUT STAGE TO KEYBOARD 
Veo Vee 


Lo 
“y" 


To 
KEYBOARD 
:YBOAI yea rae TO KEYBOARD 





i COUNTER 


STATIC Yoo INPUT 


STATIC 


V, 
6G 
CHARG 
PROT Ee Vice = Veg.~SCt«é«C OUTER BEE oy 
INPUT OEVICE 
Veco 
OUTPUT DRIVER 
OUTPUT 
NOTE: Output driver capable of driving one INPUT T STATIC 
TTL load with no external resistor. SpoTecrioN 
Capable of driving two TTL loads using v DEVICE 
ce 


an external 6.8KQ resistor to Vag Voc cc 





STROBE DELAY vs. C2 OSCILLATOR FREQUENCY vs. C, 


R= 100KQ 

T, = 25°C 

NOMINAL SUPPLY 
VOLTAGE 


CAPACITANCE (+F) 


NOMINAL VOLTAGE 
DELAY = 300nSEC/CpF 


CAPACITANCE (pF) 





DELAY (mS) 





FREQUENCY (KH 
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B-12345678910 


= 
ANe9o = 


ow 
loagwns 23 FOxvEny2=0 OFT 


Cc 
an henOres 


QO 
Q>n 
DZ 


< 
a 


5 
t 
g 
v 
ETX 


7) 
Veer ate | wo 


z 
Cc 
- Oe RPODA IIe NL er 


aoe 
- -OwonTIIT ~3x 


Norma! 


1000111001 
1000110101 
1000010101 
0101110101 
1001000001 
0001000101 
1101011001 
0111001001 
0000110101 
1000111001 
0100111001 
1110110101 
1100110101 
0001110101 
0111100001 
1010011001 
1011010101 
1111000001 
0111010101 
0100111001 
1100111001 
1010010101 
0010010101 
1100010101 
1111100100 
0010011001 
0011000101 
1111100001 
0110111001 
1101010101 
0010111001 
0100110101 
0110010101 
0000011000 
0001101000 
1011000001 
1101111101 
1101000000 
1110111001 
0100011001 
1010111001 
0010110101 
1110010101 
0110110101 
1100000001 
1011111101 
1111111001 
1011011001 
1001011001 
0000011001 
0110111001 
1001110101 
0001010101 
0100010101 
0101111001 
0111111001 
1101111001 
0000000001 
0101011001 


1000011001 ° 
1110111001 - 


1010110101 
0101010101 
0111010101 
1011111000 
0011111001 
0000110101 
0000111001 
0110011001 
1100011001 
0001111001 
1001010101 
1101010101 
1011010101 
1111011001 
1110011001 
0101000000 
1011111001 
0011001001 
0001011001 
1001111001 
1111010101 
0011010101 
0011011001 
0111011001 
1101111001 
1011100101 
1011011001 


KR3600-STD 


Shift 
B-12345678910 


< 0011111001 
Q 1000100101 
1000000101 
0101100101 


Control 
8-12345678910 


1000111011 
1000111111 
1000011111 
0101111111 


Shift Control 
B-12345678910 


SUB 0101100001 
DLE 0000100001 
@ 0000000101 
P 0000100101 


0 0000111001 
9 1001111001 


= 
ANY 


wD 
looms :>8_8Hxnt®_Ovixr 


{= 


n 


fe) 
-ADH~ UNDA POC eH 


< 


m 
4 
x<a 4 


| ou 


wn 


z 
Cc 


VEZKe oe MPO VDA IlZcC Ce. ws +V -OLI<V DW 


- rO~~A+th 


1001000001 
0001000101 
1101011001 
0111111001 
0000000101 
1000011001 
0000000101 
1110100101 
1100100101 
0001100101 
0111100001 
1010011001 
1011100101 
1111000001 
0111100101 
0100011001 
1100011001 
1010000101 
0010000101 
1100000101 
1111100100 
0010011001 
0011000101 
1111100001 
0110011001 
1101100101 
0010011001 
0100100101 
0110000101 
0000011000 
0001011000 
1011000001 
1101111101 
1101000000 
1110011001 
0100011001 
1010011001 
0010100101 
1110000101 
0110100101 
1100000001 
1011111101 
1111111001 
1011111001 
1001011001 
0000011001 
0111111001 
1001100101 
0001000101 
0100000101 
0101011001 
0111111001 
1101011001 
0000000001 
0101011001 
1000011001 
0110011001 
1010100101 
0101000101 
0111000101 
1011111000 
0011111001 
0000100101 
1001011001 
0110011001 
1100011001 
0101011001 
1001000101 
1101000101 
1011000101 
1111111001 
0100011001 
0101000000 
1101011001 
0011111001 
0001011001 
0001011001 
1111000101 
0011000101 
0011011001 


- 0111011001 
: 0101111001 


| 
0 


1101100101 
1111100101 
0000111001 


m 
4 
“ 


w 


Vi.cm<o tw | ou 


z 
Cc 


r 
- -OoOATIT .~3 xi mx MODAN IlawcnN. OF... 


n 


1001000001 
0001000101 
1101011001 
0111000001 
0000000001 
1000000001 
0100111011 
1110111111 
1100114111 
0001111111 
0111100001 
1010011001 
1011000001 
1111000001 
0111000001 
0100000001 
1100111011 
1010011111 
0010011111 
1100011111 
1111100100 
0010011001 
0011000101 
1111100001 
0110000001 
1111111101 
0010111011 
0100111111 
0110011111 
0000011000 
0001100000 
1011000001 
1101111111 
1101000000 
1110000001 
0100011001 
1010111011 
0010111111 
1110011111 
0110111111 
1100000001 
1011111111 
1111111011 
1011011001 
1001011001 
0000011001 
0110111011 
1001111111 
0001011111 
01000111141 
0101111011 
0111111011 
1101111011 
0000000001 
0101011001 
1000011001 
1110111011 
1010111111 
0101011111 
0111011111 
1011111010 
0011111011 
0000111111 
0000111011 
0110011001 
1100011001 
0001111011 
1001011111 
1101011111 
1011011114 
1111011001 
1110011001 
0101000000 
1011111001 
0011000001 
0001011001 
1001111011 
1111041111 
0011011111 
0011011001 
0111011001 
1101111001 
1011100101 
1011011001 


H 

+ 
SO 
NUL 
SOH 
ETB 


1001000101 
0001000111 
1101011011 
0111000011 
0000000001 
1000000001 
1110100001 
0011100101 
1000000101 
1000100101 
0011100901 
1010011011 
1011000001 
1111000011 
0111000001 
0100000001 
1010100001 
1100100001 
0100000101 
0100100101 
0111100100 
0010011011 
0011000111 
1111100011 
0110000001 
11411111101 
0010100001 
1010000001 
1100000101 
0000011000 
0001000000 
1011000101 
4101000101 
1101000010 
1110000001 
0100011011 
0100000001 
0010000001 
0010000101 
1100100101 
1100000001 
0111000101 
1101100101 
1011011011 
1001011011 
0000011011 
1000000001 
1000100001 
1010000101 
0010100101 
0110100001 
0101100101 
1001100101 
0000000001 
0101011011 
1000011011 
1100000001 
1110000001 
0110000101 
1010100101 
0111111100 
1110100101 
0101000101 
0100100001 
0110011011 
1100011011 
1101100001 
0110000001 
1110000101 
0110100101 
1110011001 
0100011001 
1011100000 
1101011001 
0011000011 
0001011011 
1001100001 
1011100101 
0001100101 
0011011011 


. 0111011011 
: 0101111001 


1101100101 
1111100101 


0 0000111001 
HT 1001000001 


) 1001011001 


0000111001 
1001000001 


> 
4 
= 
= 
co 
uu 
~” 








Options: : 

Internal oscillator (pins 1, 2, 3) Pulse data ready signal 

Any key down (pin 4) positive output Internal resistor to VDD on shift and control pins 

N key roltover only KR3600-STD outputs provides ASC || bits 1-6 on B1-B6, and bit 7 on B8& 
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KR 3600-ST 


i Normal 
XY B-123456789 
00 \ 000001101 
01 = 101111010 
02 DC3 110010010 
03 — 101101001 
04.—(i«w BS 000100010 
05 0 000011001 
06 @ 011101001 
07 000000000 
. 08 ; 000000000 
09 000000000 
10 7 111101010 
- HW : e 011101001 
12 ? 001101010 
13 m 101101110 
14 n 011101110 
15 b 010001110 
16 v 011011110 
17 ¢ 110001101 
18 x 000111101 
19 z 010111110 
20 LF 010100001 
21 \ 001110101 
22 DEL 111111110 
23 { 110110110 
24 7 111011010 
25 8 000111010 
26 9 100111001 
27 000000000 
28 000000000 
29 000000000 
30 ; 110111010 
31 1 001101101 
32 k 110101110 
33 j 010101101 
34 h 000101110 
35 g 111001110 
36 f 011001101 
37 d 001001110 
38 s 110011110 
39 a 100001110 
40 000000000 
41 { 110111101 
42 GR 101100010 
43 " 111001001 
44 4 001011010 
45 5 101011001 
46 6 011011001 
47 000000000 
48 000000000 
49 000000000 
50 p 000011110 
51 o 111101101 
52 i 100101101 
§3 u 101011110 
54 y 100111110 
55 t 001011101 
56 r 010011101 
§7 e 101001101 
58 w 111011101 
59 q 100011101 
60 000000000 
61 000000000 
62 OC2 010010001 
63 000000000 
64 1 100011010 
65 2 010011010 
66 3 110011001 
67 000000000 
68 000000000 
69 . 000000000 
70 0 000011001 
71 9 100111001 
72 8 000111010 
73 7 111011010 
74 6 011011001 
75 5 101011001 
76 4 001011010 
77 3 110011001 
78 2 010011010 
79 1 100011010 
80 000000000 
81 000000000 
82 000000000 
83 000000000 
84 000000000 
85 SP 000001010 
86 000000000 
87 DC1 100010001 
88 HT 100100001 
89 ESC 110110001 


Options: Pin 1, 2, 3—Internal oscillator 
Pin 4—Lockout (logic 1), rollover (logic 0) 
Pin 5—Any key down output 


Shift 
B-123456789 


~ 011111101 

+ 110101001 
DC3 110010010 
— 111110101 
BS 000100010 
0 000011001 

© 011101001 
000000000 
000000000 
000000000 
111111001 
011111010 
001111001 
101100101 
011100101 
010000101 
011010101 
110000110 
000110110 
010110101 
010100001 
001111110 
111111110 
101110110 
111011010 
000111010 
100111001 
000000000 
000000000 
000000000 
: 010111001 
001100110 
110100101 
010100110 
000100101 
111000101 
011000110 
001000101 
110010101 
100000101 
000000000 
101111101 
101100010 
010001001 
001011010 
101011001 
011011001 
000000000 
000000000 
000000000 
000010101 
111100110 
100100110 
101010101 
100110101 
001010110 
010010110 
101000110 
111010110 
100010110 
000000000 
000000000 
DC2 010010001 
000000000 
100011010 
010011010 
110011001 
000000000 
000000000 
000000000 
) 100101010 

( 000101001 

* 010101010 

& 011001010 

A 011110110 
% 101001010 

$ 001001001 

# 110001010 

@ 000000110 

1 100001001 
000000000 
000000000 
000000000 
000000000 
000000000 

SP 000001010 
000000000 

DC1 100010001 
HT 100100001 
ESC 110110001 


oO 
on we. ANxO<@ZZAV9 


rPoHoONngDIAArK 


(9) 
x 


Ofmn4<C_Ov Onn 


won 


All outputs complemented 
Level data ready 
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Control 


B-123456789 


NUL 
GS 
DC3 
CR 
BS 
0 

° 


ST 
SO 
FF 
CR 
SO 
STX 
SYN 
ETX 
CAN 
SUB 
LF 
FS 
DEL 
ESC 
7 

8 

9 


ESC 
FF 
VT 
LF 
BS 
BEL 
ACK 
EOT 
DC3 
SOH 


ESC 
BEL 


DEL 


HT 
NAK 


DC4 
DC2 
ENQ 
ETB 
DC1 


DC 


nN 


an 


DLE 


CAN 
ETB 
SYN 
NAK 
DC4 
DC3 
DC2 
DC1 


NUL 


DC1 
HT 
ESC 


000000001 
101110001 
110010010 
101100010 
000100010 
000011001 
011101001 
000000000 
000000000 
000000000 
111100001 
011100010 
001100001 
101100010 
011100010 
010000010 
011010010 
110000001 
000110001 
010110010 
010100001 
001110010 
411111110 
110110001 
111011010 


000111010 © 


100111001 
000000000 
000000000 
000000000 
110110001 
001100001 
110100010 
010100001 
000100010 
111000010 
011000001 
001000010 
110010010 
100000010 
000000000 
110110001 
101100010 
111000010 
001011010 
101011001 
011011001 
000000000 
000000000 
000000000 
000010010 
111100001 
100100001 
101010010 
100110010 
001010001 
010010001 
101000001 
111010001 
100010001 
000000000 
000000000 
010010001 
000000000 
100011010 
010011010 
110011001 
000000000 
000000000 
000000000 
000010010 
100110010 
000110001 
111010001 
011010010 
101010010 
001010001 
110010010 
010010001 
100010001 
000000000 
000000000 
000000000 
000000000 
000000000 
000000001 
000000000 
100010001 
100100001 
110110001 


RS 
VT 
DC3 
US 
BS 
0 


US 
RS 
FS 
CR 
SO 
STX 
SYN 
ETX 
CAN 
SUB 
LF 


DEL 
Gs 


SUB 
FF 
VT 
LF 


BEL 
ACK 
EOT 
DC3 
SOH 


GS 
STX 


On 


HT 
BS 
LF 
ACK 
RS 
ENQ 
EOT 
ETX 
NUL 
SOH 


NUL 


DC1 
HT 
ESC 


Shitt/Contro 
123456789 


011110001 
110100010 
110010010 
111110010 
000100010 
000011001 
011101001 
000000000 
000000000 
000000000 
111110010 
011110001 
001110010 
101100010 
011100010 
010000010 
011010010 
110000001 
000110001 
010110010 
010100001 
001110010 
111111110 
101110001 
111011010 
000111010 
100111001 
000000000 
000000000 
000000000 
010110010 
001100001 
110100010 
010100001 
000100010 
111000010 
011000001 
001000010 
110010010 
100000010 
000000000 
101110001 
101106010 
010000010 
001011010 
101011001 
011011001 
000000000 
000000000 
000000000 
000010010 
111100001 
100100001 
101010010 
100110010 
001010001 
010010001 
101000001 
111010001 
100010001 
000000000 
000000000 
010010001 
000000000 
100011010 
010011010 
110011001 
000000000 
000000000 
000000000 
100100001 
000100010 
010100001 
011000001 
011110001 
101000001 
001000010 
110000001 
000000001 
100000010 
000000000 
000000000 
000000000 
000000000 
000000000 
000000001 
000000000 
100010001 
100100001 
110110001 


KR 3600-PRO 


Normal! Shift Control Shift/Control 


000000000 001000000 010000000 011000000 
000000001 001000001 010000001 011000001 
000000010 001000010 010000010 011000010 
000000011 001000011 010000011 011000011 
000000100 001000100 010000100 011000100 
000000101 ° 001000101 010000101 011000101 
000000110 001000110 010000110 011000110 
000000111 | 001000111 010000111 011000111 
000001000 001001000 . 010001000 011001000 
000001001 001001001 010001001 011001001 
000001010 001001010 010001010 011001010 
000001011 001001011 010001011 011001011 
000001100 001001100 010001100 011001100 
000001101 001001101 010001101 011001101 
000001110 001001110 010001110 011001110 
000001111 001001111 010001111 011001111 
000010000 001010000 010010000 011010000 
000010001 001010001 010010001 011010001 
000010010 001010010 010010010 011010010 
000010011 001010011 010010011 011010011 
000010100 001010100 010010100 011010100 
000010101 001010101 010010101 011010101 
000010110 001010110 010010110 011010110 
000010111 001010111 010010111 011010111 
000011000 001011000 010011000 011011000 
000011001 001011001 010011001 011011001 
000011010 001011010 010011010 - 011011010 
000011011 001011011 010011011 011011011 
000011100 001011100 010011100 011011100 
000011101 001011101 010011101 011011101 
000011110 001011110 010011110 011011110 
000011111 001011111 010011111 011011111 
000100000 001100000 010100000 011100000 
000100001 001100001 010100001 011100001 
000100010 001100010 010100010 011100010 
000100011 001100011 010100011 011100011 
000100100 001100100 010100100 011100100 
000100101 001100101 010100101 011100101 
000100110 001100110 010100110 011100110 
000100111 001100111 010100111 011100111 
000101000 001101000 010101000 011101000 
000101001 001101001 010101001 011101001 
000101010 001101010 010101010 011101010 
000101011 001101011 010101011 011101011 
000101100 001101100 010101100 011101100 
000101101 001101101 010101101 011101101 
000101110 001101110 010101110 011101110 
000101111 001101111 010101111 011101111 
000110000 001110000 010110000 011110000 
000110001 001110001 010110001 011110001 
000110010 001110010 010110010 011110010 
000110011 001110011 010110011 011110011 
000110100 001110100 010110100 011110100 
000110101 001110101 010110101 011110101 
000110110 001110110 010110110 011110110 
000110111 001110111 010110111 011110111 
000111000 001111000 010111000 011111000 
000111001 001111001 010111001 011111001 
000111010 001111010 010111010 011111010 
000111011 001111011 010111011 011111011 
000111100 001111100 010111100 011111100 
000111101 001111101 010111101 011111101 
000111110 001111110 010111110 011114110 
000111111 001111111 010111111 011111111 
100000000 101000000 110000000 111000000 
100000001 101000001 110000001 111000001 
100000010 101000010 110000010 111000010 
100000011 101000011 110000011 111000011 
100000100 101000100 110000100 111000100 
100000101 101000101 110000101 111000101 
100000110 101000110 110000110 111000110 
100000111 101000111 110000111 111000111 
100001000 101001000 110001000 111001000 
100001001 101001001 110001001 111001001 
100001010 101001010 110001010 111001010 
100001011 101001011 110001011 111001011 
100001100 101001100 110001100 111001100 
100001101 101001101 110001101 111001101 
100001110 101001110 110001110 111001110 
100001111 101001111 110001111 111001111 
100010000 101010000 110010000 111010000 
100010001 101010001 110010001 111010001 
100010010 101010010 110010010 111010010 
100010011 101010011 110010011 111010011 
100010100 101010100 110010100 111010100 
100010101 101010101 110010101 111010101 
100010110 101010110 110010110 111010110 
100010111 101010111 110010111 111010111 
100011000 101011000 110011000 1110114000 
100011001 101011001 110011001 111011001 
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Options: Any key down (pin 5), positive output 
Internal oscillator (pins 1, 2, 3) Pulse data ready 

Lockout/rollover (pin 4}, with internal resistor to VDD Internal resistor to VOD on shift & contro! pins 
Lockout is logic 1 537 


DESCRIPTION 


The KR 3600 PRO is a MOS/LSI device intendedtosimplify 
the interface of a microprocessor to a keyboard matrix. 
Like the other KR 3600 parts, the KR 3600 PRO contains all 
of the logic to de-bounce and encode keyswitch closures, 
while providing either a 2-key or N-key rollover. 


The output of the KR 3600 PRO is a simple binary code 
which may be converted to a standard information code 
by a PROM or directly by a microprocessor. This permits 
a user maximum flexibility of key layout with simple 
field programming. 


The code in the KR 3600 is shown in Table I. The format 
is simple: output bits, 9, 8, 7, 6, 5, 4 and 1 are a binary 
sequence. The count starts at XO, YO and increments 
eee XOY1, XOY2...X8Y9. Bit 9 is the LSB; bit 1 is 
the MSB. 


FIGURE 1 
KR 3600 PRO TYPICAL APPLICATION 
64 KEY, 4 MODE 


Rollover Any Key Down 
Data Ready 


Lockout 


4 
3 
& 
a 
3 
& 
3 
2 
3 


typical switch 
(N-key rollover) 


typical switch 
(2-key rollover) 


control 


CODED DATA 


Bits 2 and 3 indicate the mode as follows: 


Bit 2 Bit3 
0 0 Normal 
0 1 Shift 
1 0 Control 
1 1 Shift Control 


For maximum ease of use and flexibility, an internal 
scanning oscillator is used, with pin selection of N-key 
lockout (also known as 2-key rollover) and N-key rollover. 
An “any-key-down” output is provided for such uses as 
repeat oscillator keying. 


Figure 1 shows a PROM-encoded 64 key, 4 mode applica- 
tion, using a256x8 PROM, and Figure 2a full90 key, 4 mode 
application, utilizing a512x8 PROM. 


If N-key rollover operation is desired, it is recommended 
that a diode be insertedin series with each switch as shown. 
This prevents “phantom” key closures from resulting if 


three or more keys are depressed simultaneously. 


FIGURE 2 
KR 3600 PRO TYPICAL APPLICATION 
90 KEY, 4 MODE 


Roltover Any Key Down 
Data Ready 


Lockout 


CODED DATA 


748473 or Equi 


typical switch 
(N-key rollover) 


typical switch 
(2-key rollover) 


x x x 
¥ 


control 





Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any ‘ime in order to improve design and supply the best product possible. 


STANDARD MICROSYSTEMS 
<< 


(516) 273-3100 TWX-510-227-8898 
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STANDARD MICROSYSTEMS 


CORPORATION = KR9600 
—— 


KR9601 
KR9602 






Keyboard Encoder Read Only Memory 
KEM 


OPTIONS ON KR9600 AND KR9601 


C) Pulse or level data ready output signal 
(External clock input 

On chip master/slave oscillator 

All 10 output bits available 
Lockout/Rollover external selection 
Chip enable external selection 

Data complement control 

Any Key Down output 

Selectable Auto-Repeat rate 

(J) Programmable Auto-Repeat rate 


data ready 
0 


FEATURES PIN CONFIGURATION 
(On-chip “caps” lock (KR9601, KR9602) 
(On-chip auto repeat (KR9601, KR9602) 
C) Contact bounce protection FUNCTION KR9600/KR9601 
CN Key Rollover or Lockout operation OPTION see “pin 
(J Hysteresis on keyboard matrix inputs OPTION assignment 
OX Tri-state TTL compatible data outputs OPTION chart” 
C Serial output (on KR9602 only) pa 
C) Quad Mode (Normal, shift, control, OPTION * (B9 on KR9600) 
shift-control) data output B8 
C High frequency clock input data output B7 
CZ Pin-compatible with KR3600 (KR9600) data output B6 
C Static charge protection on all inputs data output BS delay node 
and outputs data output B4 co 
data output B3 shift input 
C +5 volt supply data output B2 control Lian 
dat ut B1 caps lock (NC on KR9600 
EXTERNALLY SELECTABLE a eon 


FUNCTION KR9602-XX 





OOOO0O0O00 


Scan clock 


Serial clock Delay node 


Gnd Veo 
Seria! output Shift 
0 9 Control 
Caps Lock 





GENERAL DESCRIPTION 


The KR9600/1/2 is a keyboard encoder that contains all the 
logic necessary to debounce and encode SPST key- 
switches into a fully decoded data output of up to 10 bits. 
The KR9600/1/2 contains a 3600 bit ROM, 9 stage and 10 
stage ring counters, a 10 bit comparator, timing circuitry, a 
90 bit memory to store the location of encoded keys for N 
key rollover operation, an externally controllable delay net- 


work for eliminating the effect of contact bounce, an output 
data buffer and TTL compatible output drivers. 

The KR9600 and the KR9601 provide a parallel data output 
in a 40 pin configuration with pin selectable options, while 
the KR9602 provides a serial asynchronous output in a 28 
pin configuration with mask programmable options. (Ref. 
KR9600/1/2 custom coding information sheet). 
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wae 


Ovs 


Yo ¥: Yo ¥3 Va Ys Ye Y7 Yo Yo 


10 STAGE RING 
COUNTER 


29 


SHIFT MODE aa 
CONTROL DECODE|_»-| 3600 BIT ROM 
= Paes 


(10 x 90 x 4) 
BITS KEYS MODES 


OUTPUT DATA 


BUFFER 





COMPLEMENT 
TTL 
CONTROL COMPATIBLE 
(OPTION) | OUTPUT DRIVERS 


Bio By B, B,B, B; By B; B. B, 
A Not Available on KR9600 


1 1 
2 
A 
A O 
PA 
a 
v O 
ENCODED 
KEY 
MEMORY KT 
40 X 


Y, Yo Y3 Ya Ys Ys Yr Ys Yo 


$$ 
90 SPST 
KEYBOARD 
SWITCHES 
ANY KEY 
DOWN (OPTION) 


CHIP 
ENABLE (OPTION) 


it L,/Ro (OPTION) 


Note: Refer to OPTION SELECTION TABLE for OPTION PIN SELECTION 
*R, (100K) C, (45 pF) provide approx. 50 KHz Clock Freq. 
_ “*C, (300 ns Delay/C,-) R, supplied internally 
***Diodes necessary for complete n Key Rollover operation 


1096Y/0096YN HOS WVYSVIC M0018 





Lvs 


SHIFT 


CONTROL 
20 


SHIFT/CONTROL 


YoY: Yo ¥3¥a¥s Ye Ys Yo Ye 


10 BIT COMPARATOR 


SCALER 
CLOCK 
CONTROL 


ENCODED 
KEY 


10 STAGE RING MEMORY 
COUNTER 


(10 x 90 x 4) 
BITS KEYS MODES 


OUTPUT DATA 
BUFFER 


NEY 
PARALLEL/SERIAL 


CONVERTER 


AUTO REPEAT 


Y, Yo ¥3 Ya Ys Ys Yr Ya Yo 


ee —— —————_Y 
90 SPST 
KEYBOARD 
SWITCHES 


SERIAL 
OUT 


Note: **C, (300 ns Delay/C,-) R, supplied internally 
***Diodes necessary for complete n Key Rollover operation 


SECTION VII 
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DESCRIPTION OF PIN FUNCTIONS 


SYMBOL 


X0-X8 


YO-Y9 


DELAY 
SHIFT 


CNTRL 








KR9600 


NAME PIN # 


X OUTPUTS 


Y INPUTS 


EXTERNAL CLOCK 
(see note) 


SERIAL CLOCK 


17-26 






DATA OUTPUTS 


DATA READY 


reins NODE 


SHIFT INPUT 


CONTROL INPUT 


see 
CAPS LOCK CAPS note 
POWER SUPPLY 
GROUND 


OPTION PINS 


Note: Caps Lock and Auto-Repeat are not available on KR9600. 
See option selection table for pin assignment. 





KR9601 KR9602 
PIN # PIN # FUNCTION 


4-1 
40-32 28-24 
Si External inputs from the keyboard X-Y 
ie ene rane ee ea 


Serial output Baud rate clock, for 
KR9602. 


aca ae 


see 
note 


External outputs from the 9-stage ring 
counter to the keyboard to form X-Y 
matrix with the keyboard switches as 
the crosspoints. 






Data outputs B1-B8. Parallel outputs 
for the KR9600/9601, seria! output for 
the KR9602. 


This output, which can be a level ora 
pulse, signals that a key closure has 
been detected and that data is 
available at the output port. 
Externally controllable delay network 
for eliminating the effect of switch 
contact bounce. 


This nou is used to select the shift 
mode data. 


This input is used to select the control 
mode data. Simultaneous assertion of 
shift and contro! inputs will place the 

encoder into the shift-control mode. 


This input “ANDed” with bit B9 of the 
ROM will cause a mode shift. See 
oe 
See option selection table for pin 
assignment 

































DESCRIPTION OF OPERATION 

The main clocks for the KR9600 and KR9601 are derived 
from either an external clock source or the Internal oscil- 
lator. The KR9602 requires an external clock. The exter- 
nal clock is routed to a divider with a mask programmable 
division rate from 1 to 63 to generate the internal clock. 


The keys are scanned in a nine output by ten input matrix, 
each key having a unique input-output combination con- 
nected to it. The inputs all go selectively to a level detec- 
tor which has logically variable (1’s and 0’s) levels and 
hysteresis. The outputs are enabled one at a time from 
output XO towards X8, at a rate of 10-100KHz, through a 
9 stage ring counter. The 10 inputs are searched one at 
a time from YO to Y9, through a 10 stage ring counter, 
each time one of the outputs is enabled. The output and 
input pins all have pullups to V., and are precharged each 
clock even if the scan is stopped at one key. When a level 
on the selected path to the comparator matches a level 
on the corresponding comparator input from the 10 stage 
ring counter and the key has not been encoded, the switch 
bounce delay network is enabled. The key down stroke 
is examined, without advance to the next key location, 

until the key has been stable for the length of the DELAY 
CAP pin to discharge. The code for the depressed key is 
transferred to the output data buffer and the data ready 
signal appears. . 


The scan has two modes as determined by the LOckout/ 
Rollover option. Once a key is determined to be down the 
scan will not advance if in the LOckout mode. Conse- 
quently a new key closure is not detected until the pre- 
viously depressed key is released. The scan sequence 
will resume upon key release and the output data buffer 
stores the code of the last key encoded. In the Rollover 
mode a “1” is stored in the encoded key memory and the 
scan sequence is resumed and the code for the last 
encoded key remains in the data output buffer. Each 
depressed key is encoded regardless of the state of the 
previously depressed keys. The internal keyboard ROM 
is 10 bits wide. Bits 1-8 are output via data outputs B1- 
B8. Bits 9 and 10 may be output as data and/or utilized 
respectively for Caps-lock and Auto-repeat select. This 
allows mask programmable selection of which keys will 
have caps-lock and auto-repeat. When selected, the auto 
repeat will commence with a “long” delay after key 
depression followed by “short” delays. The duration of 
the delays varying with the clock frequency and the state 
of the ARD, ARO, and AR1 signals. 


A Chip Enable input is available to enable the parallel 
output buffer. Data Ready can be put in the high-imped- 
ance state with Chip Enable (CE) or can be open drain 
as a mask programmable option to facilitate wire-oring 
as an interrupt. 
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In the serial output version of KR9602, when a key is 
debounced and then called valid, the serial shift register 
is loaded with the data (8 bits B1-B8) from the ROM, the 
data from the parity generator, and the data from the start 
and stop bits generator. Bits B9 and B10 are internally 
used respectively for Caps-lock and Auto-repeat select. 
The data register is then allowed to shift data out at the 
rate of one bit per 16 clocks of the baud rate clock pin, on 
the negative edge of that clock. If the baud rate clock is 
too slow with respect to the internal clock, and the key- 
board were allowed to continue scanning when the data 
register is loaded, then new data could be loaded on top 
of shifting- -out data. 


To avoid this, if a new key is depressed before the pre- 


vious data is fully shifted out of the device, including the’ 


stop bits, the delay cap will be allowed to decay but the 
internal logic will delay its effect until the shift out of the 
previous data is completed. If the new key is released 
apaabe ue end of the extended delay time it will not be 
encode 


OPTION SELECTION TABLE 

Since the selected coding of each key and all the options 
are defined during the manufacture of the chip, the cod- 
ing and options can be changed to fit any particular 
application of the keyboard. Up to 360 codes of up to ten 
bits can be programmed into the KR9600/KR9601 ROM 
covering most popular codes such as ASCII, EBCDIC, 
SELECTRIC etc. as well as many specialized codes.” 


Pin Assignment for KR9600/KR9601 

The chip pins from pin #1 thru pin #6 are optionally con- 
nected to differing logic functions. Many of the functions 
are available on more than one pin. 





wu 
Zz 


FUNCTION (input unless noted 


Ext clock (opt. internal divisor of 1-63)** 
Pin 1 of Internal oscillator. 

Pin 2 of Internal oscillator. 

Lo/Ro CC CE ARD** ARO** AR1** 
Pin 3 of Internal oscillator. 

Lo/Ro CC CE ARD** ARO** AR1** 
AKO output 

Lo/Ro CC CE ARD** ARO** AR1** 
AKO or B10 output 

Lo/Ro CC CE ARD** ARO** AR1i** 
B9 or AKO** output 





OnnhhOWONN-]= 


Options Available for the KR9602: 
The following options can be obtained on the KR9602 
only with a mask program, and are not pin selectable: 
Lo/Ro, CC, AUTO-REPEAT, LONG 
DELAY, SHORT DELAY, . 
CLOCK DIVISOR 1,2,4,8,16,32,63; PARITY, 
1OR2STOP BITS. 


Legend 
CC = COMPLEMENT AKO = ANY KEY DOWN 
CONTROL CE = CHIP ENABLE 
Lo/Ro = LOCKOUT/ B10 = B10 (DATA) 
ROLLOVER OUTPUT 


B9 = B9 (DATA) OUTPUT 

INTERNAL CLOCK = SELF CONTAINED OSCILLATOR 
(Not available in KR9602) 

EXTERNAL CLOCK = EXTERNAL FREQUENCY 
SOURCE 

ARD = INITIAL AUTO-REPEAT DELAY 

ARO, AR1 = SECONDARY AUTO-REPEAT DELAY, OR 


NO AUTO-REPEAT WHEN BOTH ARE FALSE. 


*Contact local sales office for custom coding sheet. 
**Not available on the KR9600. 





PROGRAMMING OPTIONS 

The various options on the KR9600 and KR9601 are user 
selectable via externally programmable pins, but they are 
fixed, internally mask.programmed, for the KR9602. 


Oscillator: 


The main clocks are derived from either an external clock 
source or from the Internal oscillator. The resultant sig- 
nal is then routed to a divider with a mask programmable 
division rate from 2 to 63. If no division is required then 
the divider is bypassed. The external clock requires one 
pin (pin #1), while the Internal oscillator needs three pins 
(pins #1, 2, 3) for frequency selection via an external 
resistor and capacitor: 


Lockout/Rollover: LO/RO 

This option selects the operation of the key scan whena 
new key is detected. In Lockout the scan stops as long 
as the key is down. In Rollover the scan stops till the new 
key is debounced by the DELAY CAP and the key code 
is output. Then the key position is marked as down and 
the scan continues until another new key is seen. The 
option is selected either by an external pin or internally 
mask programmed, fixed in either state. The external 
LOckout selection is optionally hi or low active. A pull- 
down resistor to ground is optional. 


Complement Control: CC 
This option inverts the logic true state of the DATA OUT- 


PUTS andcan optionally additionally invert the logic true 
state of the DATA READY pin. The option can be inter- 
nally fixed as true or false where true will output a high 
logic level. When externally selected the option can be 
either input high or low active true. The Palcewe to 
ground is optional. 


Data Ready: 


The data ready pin is optionally either a pulse or level 
upon an output state ready to transfer. This transfer 
occurs when a new key is encoded or when the current 
key is repeating via the repeat logic. This output is indi- 
vidually capable of being disabled via CE or inverted via 
CC. To invert DATA READY is to have the pulse go logic 
low or the level fall to logic low active when the output is 
allowed to drive out of the chip. 


Any Key Down: AKO output 

The AKO output is an indicator to tell that there is at least 
one key determined to be depressed. The output is 
optionally logic high or low true. The CE can be sepa- 


‘rately used to set the output in the high impedance mode. 


AKO will reset one full Keyboard scan time after the last 
key is released. AKO cannot be inverted by CC (comple- 
ment control). 


Chip Enable: CE 
The chip enable option can be internally fixed to true or 
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can be externally selected. When an external pin is used 
the true level is only low true. The true state means that 
the outputs connected to CE will go to the driven state 
from the high-impedance condition. Output pins B1-B10 
are always affected by Chip Enable (CE), optional for 
Data Ready and sh Key Down. A pulldown to ground is 
optional. . 


Shift Control Lock:S C L 


These three pins determine what will be output in 
response to a new key being detected. The Caps Lock 
pin is optional on the KR9601 and KR9602 but it is not 
available on the KR9600. All three pins have optional 
pulldown resistors to ground. The Lock option is allowed 
if data bit nine of the ten data bits is programmed as true. 
In other words the Rom is read with no lock logic allowed, 
but with the full influence of the Shift and Control pins. 
This determines the B9 output which is used to see if this 
key can be shifted (be it a control code or not) by modi- 
fying the effect of the Shift upon a second read of the 
rom. The operation of the allowed Lock follows this table: 


L B9 SC Result 
F F F F N 
F F F T Cc 
F F T F S L = CAPS LOCK 
F F T T SC B9 = DATA OUTPUT B9 
N = NORMAL 
F YT -F F N S = SHIFT 
F T F T C C = CONTROL 
F T T F S SC = SHIFT and CONTROL 
F T T T Sc 
T F F F N 
T F F T Cc 
T F T F S 
T F T T sc 
T T F F S  ForceN->S allow shift 
(ie m—>M) 
T T F T SC ForceC->SC _ shift of Control 
T T %T FF *S/N OptForce S->N allow reverse 
(ie M—>m) 
T T T T= *SC/C od Force remove shift in 
SC->C Shift-Control 


“The mask programmable option for the removal of the shift.is 
coded as either ON for all keys or OFF. Note that the B9 DATA 
output (and all the others) is the code of the second decode. Note 
that shift only occurs when both the lock is true and the unmodi- 
fied code gives a B9 ROM output as true. 


Repeat: ARD ARO AR1 ae 

When the Auto-repeat option is selected and a key is 
pressed, either of two delays can be selected. Typically 
a long initial delay after the key is pressed, and short 
delays afterwards if the key is still pressed. These delays 


consist of a programmable number of scan frequency 
time clocks varying from 2 to 131071 clock times. 


This option is masked programmable and dependent on 
the programming of the data bit 10 of the ten data outputs 
to be true for the resultant key code (after lock logic) and 
upon whether any repeat action should occur at all. 


There are three optional pins associated with the auto 
repeat logic: ARO, AR1, and ARD. Each of these can 
individually optionally have a pulldown resistor to ground. 
ARD controls the selection of the initial repeat delay count 
code, while the combination of ARO and AR1 controls 
the selection of the short delays as shown below. If no 
external pins are desired then those functions can be 
mask programmed. 


TYPICAL INITIAL REPEAT DELAY coOMS. 


ARD = hi 80000 clock times 
ARD = low 40000 clock times 


The repeat delays are selected by a two bit code where 
one decode is used to disable the repeat operation: 
completely. 


TYPICAL SECONDARY REPEAT COUNTS 


ARO AR1 Count 
0 0 Atl Auto-Repeat Disabled 
0 1 6250 
1 O 3125 
1 1 1250 


Typical Example: . 

One typical approach would be to mask program ARD 
for only one long delay value and mask ARO to ground. 
This way one can save two option pins for ARD and ARO 
and still be able to select or disable auto-repeat via AR1 
and have the option of having one fixed short delay value. 


ROM Data: 


The actual programming data is in 10 bit wide characters 
with four function codes for each key position. There are 
90 key positions organized as 9 “X” outputs with 10 “Y” 
inputs. The four functions as previously defined are Con- 
trol, Shift, Normal, and Shift-Control. 


The use of the optional Lock requires the programming 
of the B9 data bit. The use of the optional Auto-Repeat 
requires the programming of the B10 data bit. If the B9 
or B10 outputs are used then these will show the result 
of the contents of the “corrected” key function data bits. 
The “corrected” function is the possibly changed Nor- 
mal to Shift etc. etc. so that the output is that of the ‘Shifted 
key code’ NOT that of the initial key code. 


Minimum Switch Closure: 


T = Switch bounce + (90 x 1/f) + Strobe delay + Strobe width 











determined determined 
by frequency by external 
of operation 


maximum 
expected 


544 


minimum time 
é required by 
capacitance external circuitry 


CONDITIONS: 
The clock divider is 1 so that CIkI is “same as clock IN”. 
Akey is pressed down at XOY0O but the delay cap has not timed out. 
Data Ready is high true and we have already had another key. 
DataRP = Data Ready as a Pulse DataRL = Data Ready as a Level 


> 
= 
= 
~~ 
o 
Ww 
wn 





| | (Bias | | | | 
DelayCap | 


| 

| l | 
DataRP : | fic ! 
no | | | | | | 

DataRL aa Poke ea tee 


| |< — longdelay 
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ELECTRICAL CHARACTERISTICS: KR9600, KR9601, KR9602 
MAXIMUM GUARANTEED RATINGS 


Operating Temperature Range: ecss ccneerevc san dteyytiins bie be ces tes asasa gate aed aewage eaatves anes O°C to + 70°C 
Storage Temperature Range ........... sc eeeeereeeeeeeeteeeeeeeeereesess a iaced tee bauatiwk ooteoueins — 55°C to + 150°C 
Lead Temperature (SOldering, 10 SOC.) i: cc icassics tee veasngseyadesaestaeueapsiasdiervexas ses vadapees ened ats + 325°C 
Positive Voltage on any Pin, with respect to Ground ........ ccc cece cece eee eee etn enees +8.0V 


Negative Voltage on any Pin, with respect to ground ............ cece eee e eee eee 






: Notice: Thi: 
Som f 1S IS Not @ f; aed. 
8 Parametric timits a sunseuilication 


ELECTRICAL CHARACTERISTICS (T,, = 0°C to 70°C, Veg = +5V +5%, unless otherwise noted) shang. 





PARAMETER SYMBOL COMMENTS 
D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS - 
Low-level Allinputs 
Hi-level except Y 
Y INPUTS 
Hi Level Y input 
Lo Level Y input 
INPUT CURRENT 
Leakage 


Allinputs except Y 
V 


in 


Input with Pull-down resistor 


selected as option Vi, = 5V 
Y inputs Vv = 1 volt 
Y inputs only 
OUTPUT VOLTAGE LEVELS 
Low-level lo. = 1.6mA 
High-level lon = 100 pA 
Except X outputs 
X output voltage 600 pA 
clock high 
lon _ 10 pA 
INPUT CAPACITANCE 
All inputs Except Y inputs 
POWER SUPPLY CURRENT 
A.C. CHARACTERISTICS 
CLOCK FREQUENCY* KR9601/02 
KR9600 
Chip enable access time 
SWITCH CHARACTERISTICS 
Min switch closure see timing 
diagram 


Contact closure resistance 





NOTE: The KR9600 is a direct replacement for the KR3600. Please note that due to the logic level of the KR9600, when 
replacing the KR3600 in a N-Key rollover system where diodes are utilized, the polarity of the diodes must be 
reversed. 


* Divisor on KR9601/02 must be selected such that the resulting internal scan frequency is 10 KHz min to 100 KHz max. 
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KR9600-PRO DESCRIPTION 


The KR9600 PRO is a MOS/LSI device intended to sim- 
plify the interface of a microprocessor to a keyboard 
matrix. Like the other KR9600 parts, the KR9600 PRO 
contains all of the logic to de-bounce and encode key- 
rill closures, while providing either a 2-key or N-key 
rollover. 


The output of the KR9600 PRO is a simple binary code 
which may be converted to a standard information code 
by a PROM or directly by a microprocessor. This permits 
a user maximum flexibility of key layout with simple field 
programming. 


The code in the KR9600 is shown in Table I. The format 
is simple: output bits, 9, 8, 7, 6, 5, 4 and 1 are a binary 
sequence. The count starts at XO, YO and increments 
weugn XOY1, XOY2...X8Y9. Bit 9 is the LSB; bit 1 is the 


FIGURE 1 
KR9600 PRO TYPICAL APPLICATION 
64 KEY, 4 MODE 


Any Key Down 


Data Ready 


s 
ro 
° 
3 
8 


63LS281 oF Equiv. 


typical ewitch 
(N-key rollover) 


x 
Y 


typical switch 
(2-hey rollover} 


x x 


* Y 


control 


Y Y 
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Bits 2 and 3 indicate the mode as follows: 


Bit 2 Bit 3 
0 0 Normal 
0 4 Shift 
1 0 Control 
1 1 Shift Control 


For maximum ease of use and flexibility, an internal 
scanning oscillator is used, with pin selection of N-key 
lockout (also known as 2-key rollover) and N-key rollover. 
An “any-key-down” output ts provided for such uses as 


repeat oscillator keying. 


Figure 1 shows a PROM-encoded 64 key, 4 mode appli- 
cation, using a 256 x 8 PROM, and Figure 2 a full 90 key, 
4 mode application utilizing a 512 x 8 PROM. 


If N-key rollover operation is desired, it is recommended 
that a diode be inserted in series with each switch as 
shown. This prevents “phantom” key closures from 
resulting if three or more keys are depressed 
simultaneously. 


FIGURE 2 
KR9600 PRO TYPICAL APPLICATION 
90 KEY, 4 MODE 


Roliover Any Key Down 
Onta Ready 


Lockout 
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74S473 of Equiv 


typical switch 
(N-key rollover) 


typical switch 
(2-key rollover) 


x x 


x 
Y 


x 
¥ 


Y Y 


TABLE 1 
KR9600-PRO. CODING SHEET AND OPTIONS 


Normal Shift Control Shift/Control 
B-12345678 910 B-12345678 910 B-12345678 910 B-12345678 910 


000000000 001000000 010000000 011000000 
000000001 001000001 010000001 041000001 
000000010 001000010 010000010 011000010 
000000011 001000011 010000011 011000011 
000000100 001000100 010000100 011000100 
000000101 001000101 010000101 011000101 
000000110 001000110 010000110 011000110 
000000111 001000111 010000111 011000111 
000001000 i 001001000 010001000 011001000 
000001001 001001001 010001001 011001001 
000001010 001001010 010001010 011001010 
000001011 001001011 010001011 011001011 
000001100 001001100 010001100 011001100 
000001101 001001101 010001101 011001101 
000001110 001001110 010001110 011001110 
000001111 001001111 010001111 011001111 
000010000 001010000 010010000 011010000 
000010001 - 001010001 010010001 011010001 
000010010 001010010 010010010 011010010 
000010011 001010011 010010011 011010011 
000010100 001010100 010010100 011010100 
000010101 001010101 010010101 011010101 
000010110 001010110 010010110 011010110 
000010111 001010111 010010111 011010111 
000011000 001011000 010011000 011011000 
000011001 001011001 010011001 011011001 
000011010 001011010 010011010 011011010 
000011011 001011011 010011011 011011011 
000011100 001011100 010011100 011011100 
000011101 001011101 010011101 011011101 
000011110 001011110 010011110 011011110 
000011111 001011111 010011111 011011111 
000100000 001100000 010100000 011100000 
000100001 001100001 010100001 011100001 
000100010 001100010 010100010 011100010 
000100011 001100011 010100011 011100011 
000100100 001100100 010100100 011100100 
000100101 001100101 010100101 011100101 
000100110 001100110 010100110 011100110 
000100111 001100111 010100111 011100111 
000101000 001101000 010101000 011101000 
000101001 001101001 010101001 011101001 
000101010 001101016 010101010 011101010 
000101011 001101011 010101011 011101011 
000101100 001101100 010101100 011101100 
000101101 001101101 010101101 011101101 
000101110 001101110 010101110 011101110 
000101111 001101111 010101111 019101111 
000110000 001110000 010110000 011110000 
000110001 001110001 010110001 011110001 
000110010 001110010 010110010 011110010 
000110011 001110011 010110011 011110011 
000110100 001110100 010110100 011110100 
000110101 001110101 010110101 011110101 
000110110 001110110 010110110 011110110 
000110111 001110111 010110111 011110111 
000111000 001111000 010111000 011111000 
000111001 001111001 010111001 011111001 
000111010 001111010 010111010 011111010 
000111011 001111011 010111011 011111011 
000111100 001111100 010111100 011111100 
000111101 001111101 010111101 011111101 
000111110 001111110 0101411110 011111110 
000111411 001111111 010111111 0111919111 
100000000 101000000 110000000 111000000 
100000001 101000001 110000001 111000001 
100000010 101000010 110000010 111000010 
100000011 101000011 110000011 111000011 
100000100 101000100 110000100 111000100 
100000101 101000101 110000101 111000101 
100000110 101000110 110000110 111000110 
100000111 101000111 110000111 111000111 
100001000 101001000 110001000 111001000 
100001001 101001001 410001001 111001001 
100001010 101001010 110001010 111001010 
100001011 101001011 110001011 111001011 
100001100 101001100 110001100 111001100 
100001101 101001101 110001101 111001101 
100001110 101001110 110001110 111001110 
100001111 101001111 110001111 111001111 
100010000 101010000 110010000 111010000 
100010001 4101010001 110010001 111010001 
100010010 101010010 110010010 111010010 
100010011 101010011 110010011 111010011 
100010100 101010100 110010100 111010100 
100010104 101010101 110010101 111010101 
100010110 101010110 110010110 111010110 
100010111 101010111 110010111 111010111 
100011000 101011000 110011000 111011000 
100011001 101011001 110011001 114011001 





OPTIONS: 

Internal Oscillator (Pins 1, 2, 3) Pulse Data Ready 

Lockout/Rollover (Pin 4) Any Key Down (Pin 5) Positive Output 
Internal Resistor to GND Internal Resistor to GND on Shift 

Lockout is Logic 1 and Control Pins 
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CODING FOR KR9601 AND KR9602 STD 


Normal Shift Control Shift/Control 
B-12345678 910 B-12345678 910 B-12345678 910 B-12345678 910 


00000001 00 01010101 00 10101001 00 10101001 00 
00000010 01 0101011001 1010101001 1010101001 
00000011 01 0101011101 1010101101 1010101101 
00000100 01 01011000 01 1010110001 1010110001 
00000101 01 01011001 01 1010110101 1010110101 
0000011001 0101101001 1010111001 1010111001 
00000111 01 0101101101 1010111101 1010141101 
00001000 01 0101110001 10110000 01 10110000 01 
00001000 01 01011100 01 10110000 01 10110000 01 
00001001 01 01011101 01 10110001 01 10110001 01 
00001010 01 0101111001 1011001001 1011001001 
00001011 01 0101111101 10110011 01 1011001101 
00001100 01 01100000 01 10110100 01 1011010001 
00001100 01 01100000 01 1011010001 1011010001 
00001101 01 01100001 01 10110101 01 10110101 01 
00001110 01 0110001001 1011011001 1011011001 
00001111 01 01100011 Ot 1011011101 10110111 01 
00010000 01 01100100 01 10111000 01 1011100001 
00010001 01 01100101 01 10111001 01 10111001 01 
00010010 01 0110011001 1011101001 1011101001 
00010011 11 01100111 11 1011101111 1011101111 
00010100 11 01101000 11 10111100 11 10111100 11 
00010101 11 01101001 11 10111101 11 40111101 11 
0001011011 01101010 11 1011111011 10111110 11 
00010111 11 01101011 11 1011111111 1011111111 
00011000 11 01101100 11 11000000 11 11000000 11 
00011001 11 01101101 11 11000001 11 11000001 11 
00011010 11 0110111011 11000010 11 11000010 11 
00011011 11 0110111111 11000011 11 11000011 11 
00011100 11 01110000 11 11000100 11 11000100 11 
00011101 01 01110001 01 11000101 01 11000101 01 
0001111001 0111001001 11000110 01 1100011001 
0001111101 0111001101 11000111 01 1100014101 
0001111101 0111001101 1100011101 1100011101 
00100000 01 0111010001 11001000 01 11001000 01 
00100001 01 0111010101 11001001 01 11001001 01 
00100010 01 0111011001 1100101001 1100101001 
00100011 01 0111011101 1100101101 1100101101 
00100100 01 01111000 01 11001100 01 11001100 01 
00100101 01 01111001 01 11001101 01 11001101 01 
00100110 11 01111010 11 11001110 11 11001110 11 
00100111 11 0111101111 1100111111 1100111111 
00101000 11 01111100 11 11010000 11 11010000 11 
00101001 11 01141101 11 11010001 11 11010001 11 


00101010 11 0111111011 11010010 11 41010010 11 


01919141111 11010011 11 11010011 14 
10000000 11 11010100 11 
10000001 11 11010101 11 
10000010 11 11010110 11 
10000010 11 11010110 11 
10000011 01 1101011101 
00110000 01 410000100 01 11011000 01 
00110001 01 10000101 04 11011001 01 
00110001 01 10000101 01 11011001 01 
00110010 01 1000011001 1101101001 
00110011 01 1000011101 1101101101 
00110100 01 10001000 01 1101110001 
00110101 00 10001001 00 11011101 00 
0011011001 1000101001 1101111001 
0011011101 10001011 01 1101111101 
00111000 11 40001100 11 11100000 11 
00111001 11 10001101 11 11100001 11 00001 11 
00111010 11 10001110 11 11100010 11 100010 11 
1000111111 11100011 11 11100011 11 
10010000 11 11100100 11 11100100 11 
10010001 11 11100101 11 11100101 11 
10010010 11 11100110 11 11100110 11 
10010011 11 11100111 11 11100111 11 
1001001111 11400111 11 1110011111 
0011111111 10010011 11 1110011111 11100111 11 
01000000 01 10010100 01 11101000 01 11101000 01 
01000001 01 10010101 Ot 11101001 01 11101001 01 
01000010 01 1001011001 1110101001 1110101001 
01000011 01 1001011101 11101011 01 1110104101 
01000100 01 10011000 01 11101100 01 1110110001 
01000101 01 10011001 01 11101101 01 11101101 01 
0100011001 1001101001 1110111001 1110111001 
01000111 01 1001101101 1140111401 1410111101 
01001000 01 10011100 Ot 11110000 01 11110000 01 
01001001 01 1001410101 11110001 01 41110001 01 
0100101001 1001111001 1111001001 1111001001 
0100101101 1001111101 41110011 01 11110011 01 
01001100 01 10100000 01 11110100 01 11110100 01 
01001101 01 10100001 01 11110101 01 11110101 01 
0100111001 10100010 01 1111011001 11110110014 
0100111101 40100011 01 1111011101 41111011101 
01010000 01 10100100 Ot 11110000 01 11111000 01 
01010001 01 10100101 01 11110001 01 11111001 01 
0101001001 1010011001 1111101001 1111101001 
0101001101 1010011101 11111011 04 11111011 01 
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OPTIONS FOR THE KR9601-STD: OPTIONS FOR THE KR9602-STD: 

PINS 1,2,3 INTERNAL OSCILLATOR [Input clock divisor = 4] N-KEY ROLLOVER 

PIN 4 CE [ActiveLow] 

Hae Ane) Ono ied at To a Be WERES LONG DELAY OF 40000 CLOCK TIMES) 
FIXED LONG DELAY OF 40000 CLOCK TIMES 
FIXED SHORT DELAY OF 6250 CLOCK TIMES| (FIXED SHORT DELAY OF 6250 CLOCK TIMES) 

PIN6 AKO [positive true] 1 STOP bit. 

Pulsed DATA READY signal No PARITY bit. 


N-KEY ROLLOVER 


Pull-down resistor to ground at the following pins: Input clock divisor of 63 


— SHIFT Pull-down resistor to ground at the following pins: 
— CONTROL —SHIFT 

— CAPS-LOCK —CONTROL 

— ARO —CAPS-LOCK 
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OSCILLATOR FREQUENCY vs 
STROBE DELAY vs C2 FOR KR9600/1/2 C1 FOR KR9600/KR9601 


R = 100Ki2 

T, = 25°C 

NOMINAL SUPPLY 
VOLTAGE 


CAPACITANCE (/'F) 
CAPACITANCE (pF) 


NOMINAL VOLTAGE 
DELAY = 300nSEC/CpF 


DELAY (mS) 


FREQUENCY (KHz) 


KEYBOARD LAYOUT FOR KR9601/9602-STD 


X8| 1X7 XO| |XO] | XO} | XO] |XO} 1X0] | xO] | XO] |X1 x1 x4 x1 x1 x1 X3 X3 

YO] |YO Yo! |Y1 Y2}) |Y3}] }¥4) |Y5) |Y6] [Y7] |Y7] [Y8] [YO] [Y¥4) 45 Y6 Y6 Y4 

x1 x1 x1 X2}] |X2] | X2) |X2] |xX2] | X2] ;X2] | xX2) |X2] |xX2] | X3} 1x3 X3} |X3] |X5} | X7 

Ye} |Y1 YO YO} |Y1} [Y¥2] [Y3] |¥4) [Y5)] |Y6]) 1Y7] |Y8) |Y9] 1Y9] |Y8 Y7{ |Y5| |¥4] {¥1 
X5 

X3} |X3 X3 X4| |X4] | X4] |[X4] [X41 |X4] [X4] | X4) [X4] [XO] |XS] | Xs X5| |X5] | X7 

Ye; {¥1 YO YO) |Y1 Y2} |Y3} {¥4] |Y5] (Y6| |Y7] 1Y8] [YO] [Y9) [Y8 Y6;} |Y5{ [Y2 

X5]} | X5 X5 X6| |X6] |X6] |X6} |}X6]} |X6} |XG] |X6] {X7] |X7) | X7 X7 X71 |X7| |X7] [XB] {X8 

Y2| |Y1 YO YO] |¥1} |¥2] |Y¥3} 1¥4] |Y5}] |Y6] |Y7] [Y7] |Y8] LY9 Y6 Y5| |Y¥4!1 1Y3} |Y5]) 1¥4 

X8] |X8 X8 x8 X8 X8 X8 

Y3) |¥2 Y1 Y6 Y9 Y8 Y7 





STANDARD MICROSYSTEMS : ,Circult diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 


tions, consequently complete information sufficient for construction purposes is not necessarily given. The 


CORPOR ATION information has been carefully checked and Is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
Bivd. Hauppauge. Ny 11788 Gevices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 


(s0)273: 3100 TWX-510-227-8898 at any time in order to improve design and supply the best product possible. 
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SND AD Ml MICROSYSTEMS SR 5015-XXX 


SR 5015-81 
SR 5015-133 


Quad Static Shift Register 


FEATURES PIN CONFIGURATION 
CU COPLAMOS® N Channel Silicon Gate 
Technology INPUTA [T 7 \— 716] OUTPUTA 
0 Variable Length—Single Mask 
Programmable—1 to 134 bits 
2 Directly TTL-compatible on all inputs, 14/] output D 
outputs, and clock 
0 Clear function 
0 Operation guaranteed from DC to 1.0 MHz OUTPUT B[|5 - 
QO Recirculate logic on-chip 
0 Single +5.0V power supply 
CO Low clock input capacitance 
0 16 pin ceramic DIP Package ouTPUTC [18 
OQ Pin for Pin replacement for AMI $2182, 83, 85 


APPLICATIONS 

OC Memory Buffering 

CO) Unique Buffering Lengths 
O Terminals 


RECABC [| 2 


INPUT B [| 4 13 {] INPUT D 





BLOCK DIAGRAM 


=| REGISTER . 


\/ 


oS 


> 
=z 
=] 
= 
wo 
uu 
”n 





RECIRC. INPUT D 
REC. CONTROL D 


CLOCK 
GENERATOR 


OUTPUTB OUTPUTD 
CLOCK CLEAR 
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General Description 


The SMC SR 5015-XXX is a quad static shift register family fabricated using SMC’s COPLAMOS® N channel silicon gate 
process which provides a higher functional density and speed on a monolithic chip than conventional MOS technology. The. 
COPLAMOS® process provides high speed operation, low power dissipation, low clock input capacitance, and single +5 volt 
power supply operation. 


These shift registers can be driven by either TL circuits or by MOS circuits and provide driving capability to MOS or TL 
circuits. This device consists of four separate static shift registers with independent input and output terminals and logic for 
loading, recirculating or shifting information. The SR 5015-80, SR 5015-81, and SR 5015-133 are respectively 80, 81, and 
133 bit quad shift registers. 


The recirculate control pin is common for registers A, B, and C. Register D has an independent recirculate control pin as 
well as a recirculate input pin. — 


Aclear pin has been provided that will cause the shift register to be cleared when the pin is at Vcc. A single T2L clock is 
required for operation. 


The transfer of data into the register is accomplished on the low-to-high transition of the clock with the recirculate control 
low. For long term data storage the clock may be stopped and held in either logic state. Recirculate occurs when the 
recirculate control is high. Output data appears on the low-to-high transition of the clock pulse. 


Bits 81 and 133 are available for flag storage. 
This device has been designed to be used in high speed buffer storage systems and small recirculating memories. 
Special custom configurations are achieved via single mask programming in lengths of 1 to 134 bits. 


MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ..... 0... cece eee cece ence eee een e tenon nese ee neeereeens o°C to + 70°C 
Storage Temperature Range ........ ccc cee cece eee tenet eee nee een nee eee nee eeenenees 55°C to + 150°C 
Lead Temperature (Soldering, 10SEC.) 2... cece ccc cece ene enero teen e ene e enna ee eeees +325°C 
Positive Voltage on any Pin, with respect to ground .......... ec cee cee cette eee e ene neetennees +8.0V 
Negative Voltage on any Pin, with respect to ground ...... ccc cece ccc cece nent teen eneennaee —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 

ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vec=+5V+5%, unless otherwise noted) 


Parameter Min. Typ. Max. Unit Comments 
D.C. Characteristics 
INPUT VOLTAGE LEVELS 
Low Level, Vit 0.8 Vv 
High Level, Vin Vec—1.5 Vcc V 
OUTPUT VOLTAGE LEVELS 
Low Level, Vor 0.4: V lo.=1.6ma 
High Level, Vox Vec—1.5 4.0 Vv loH=100ua 
INPUT LEAKAGE CURRENT ; 1.0 pa Vin=Vecc 
CLOCK, CLEAR 25 of 
All Other 10 pf 
POWER SUPPLY CURRENT | 80 ma 
A.C. Characteristics "  Ta= +25°C 
CLOCK 
PWu 300 ns 
PWL 600 ns 
Transition, tr, te 0.02 1.0 pS 
Repetition Rate, 1/T 0 1.0 MHz 
t Delay 300 ns 
INPUT DATA 
to, set-up 100 ns 
to, hold 200 ns 
PWop 300 : "ons 
OUTPUT DATA 
to, ACC 200 350 ns 
RECIRCULATE CONTROL 
tr, set-up 200 ns 
tr, hold 300 ns 
PWa 500 ns 
CLEAR 
PWc.ear . 20 BS 
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TIMING DIAGRAMS 


PWL 


PWo 


tp, set-up dag op tb, hold 
Input Data lee ee ee 


to, ACC® to. ACC 
Output Data ee, ewe 


Recirculate | | 
Control \ J 
tr set-up 2 aa | (= tr hold 


PWR 





PW clear 
Clear =f a, as 


hg 
{Delay 
gs LLL NN 


Description of Pin Functions 


Symbol Name Function 


A Input A Input signal which is either high or low depending on what 
word is to be loaded into shift register. 


RECABC Recirculate ABC Input signal when high disconnects inputs from registers 
and connects outputs to inputs, thus recirculating 
data. Recirculates only A, B, C outputs. 


CLR Clear Input signal when high forces outputs to a low state 
immediately and clears all the registers. 
B Input B Input signal for B register. 
Os Output B Output signal for B register. 
GND Power supply Ground. 
Vcc +5 Volt 5 volt power supply. 
Oc Output C Output signal for C register. 

Clock Input Input signal which is normally low and pulses high to 
shift data into the registers. The data is clocked in on 
low to high edge of clock. 

Input C Input signal for C register. 

NC 

Recirculate Input signal which is normally low and, when goes high, 

Control D disconnects Input D to register and connects 
Recirculate Input D to register. 

Input D Input signal for D register. 

Output D Output signal for D register. 

Recirculate Input signal which is the input to the D register 

Input D when Recirculate Control D is high: RECD=1. 

Output A Output signal for A register. 
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APPLICATIONS 
Line Buffer for CRT Display . . .80 Characters per line. 


SR5015-80 


Video Clock 


PAGE 
MEMORY 


Serial Data Output 


SMC 
CG5004L-1 To Monitor Electronics 
| 
DECODER [__[_} 
P| 


| ¥_¢ 
ae 


SCAN 
COUNTER 


RECIRCULATE 


: Li Ble 
CURSOR 
MEMORY 
SR5015-80 


End of Line Clock 


Line Buffer for Matrix Printer... 132 Characters per line. 


$R5015-133 


CHARACTER 

GENERATOR 
ROM(s) tHe 

SMC CG4100 Solenoid Drivers 
SERIES 


To Print Head 


INTERFACE 
OR 
MEMORY 


End of Line 


5015-133 


From System Timing 





STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 

CORPORATION information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
Se assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
35 Macs Gd Haopauge tae. ~— devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 


at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
——_— 


SR 5017 
SR 5018 


Quad Static Shift Right/Shift Left Shift Register 


Last In First Out Buffer 
LIFO 


FEATURES 

CO COMPLAMOS® N-Channel Silicon 
Gate Technology. 

O Quad 81 bit or Quad 133 bit 

C1 Directly Compatible with T?L, MOS 

QO Operation Guaranteed from DC to 
1.0MHz 

C] Recirculate logic on-chip 

O Single + 5.0V power supply 

QO Low clock input capacitance 

O Single phase clock at T2L levels 

O Clear function 

O 16-pin Ceramic DIP Package 


APPLICATIONS 

2 Bi-Directional Printer 

C1 Computers—Push Down 
Stack—LlIFO 

O Buffer data storage—memory buffer 

CI Delay lines—delay line processing 

OQ Digital filtering 





PIN CONFIGURATION 


OUTPUT C 


INPUT C 


INPUT B 
OUTPUT B 
RECABC 


Vec 


0 Telemetry Systems 
O Terminals 
QO Peripheral Equipment 


BLOCK DIAGRAM 


i 


\/ REGISTER 
. A 


REC CONTROL ABC 


INPUT B 


L/R CONTROL 


| REGISTER 


reich Y 


> 
4 
=] 
— 
o 
uu 
wm 





RECIRC. INPUT D 
REC. CONTROL D 


INPUT D 


OUTPUTB OUTPUTD 





CLOCK CLEAR 
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General Description 


The SMC SR 5017 and SR 5018 are quad 133 (SR 5017) and quad 81 (SR 5018) bit static shift registers utilizing SMC’s 
COPLAMOS® N channel silicon gate process. The COPLAMOS® process provides high speed operation, low power 
dissipation, low clock input capacitance, and requires only a single +5 volt power supply. 


These shift registers can be driven by either T2L circuits or by MOS circuits and provide driving capability to MOS to T2L 
circuits. 


This device consists of four separate static shift registers with independent input and output terminals and logic for 
loading, recirculating or shifting information right or left. This shift left/shift right (L/R Control) control input is common to all 
registers. 


The recirculate control input is common for registers A, B, and C. Register D has an independent recirculate control input 
as well as a Recirculate Input. 


A Clear input has been provided that will cause the shift register to be cleared when the input is at Vcc. A single TL clock. 
input is required for operation. 


The transfer of data into the register is accomplished on the low-to-high transition of the clock with the recirculate control 
low. For long term data storage the clock may be stopped and held in either logic state. Recirculate occurs when the 
recirculate control is high. Output data appears on the low-to-high transition of the clock pulse. 


Bits 81 or 133 are available for flag storage. * 


a a I I SI CIT TOES 
MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ......... “at sacks go eseonece hv eyalaiealach ath bss USSD OP aoe ne ie ha nate Soke O°C to + 70°C 
Storage Temperature Range ....... ccc cece cee eee eee eee eee een een ee eee eee ee ees ~55°C to + 150°C 
Lead Temperature (soldering, 10SEC.) 6... cece cc een eee eee eee eee e ene eee eens +325°C 
Positive Voltage on any Pin, with respect to Ground 20... cece cece eee eee e eee rete eee e ee en eens +8.0V 
Negative Voltage on any Pin, with respect to Ground... .. cece ccc ee eee e eee eee eer nneee -0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 


ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vec= +5V+5%, unless otherwise noted) 





Parameter Min. Typ. Max. Unit Comments 
D.C. Characteristics 
INPUT VOLTAGE LEVELS 
Low Level, Vit 0.8 V 
High Level, Vin Vec—1.5 Vee V 
OUTPUT VOLTAGE LEVELS 
Low Level, Vor 0.4 Vv lo.=1.6ma 
High Level, Vox Veo—1.5 4.0 V lon= 100ua 
INPUT LEAKAGE CURRENT 1.0 pa Vin=Vec 
CLOCK, CLEAR 25 pf 
All Other 10 pf 
POWER SUPPLY CURRENT 100 ma 
A.C. Characteristics Ta=+25°C 
CLOCK 
PWH 300 ns 
PWu 600 ns . 
Transition, tr, tt 0.02 1.0 ps 
Repetition Rate, 1/T 0 1.0 MHz 
t Delay 500 ns 
INPUT DATA 
to, set-up 150 ns 
to, hold 150 ns 
PWo 300 . ns 
OUTPUT DATA 
to, ACC 200 350 ns 
RECIRCULATE CONTROL 
tr, set-up 200 ns 
tr, hold 300 ns 
PWar 500 ns 
CLEAR 
PWc ear 20 BS 
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Timing Diagram 










PWL | 


PWo 


tb, set-up ra og ra to, hold 


to, ACC 





Input Data 














Output Data 


Recirculate | | 
Control \ / 
tr set-up *| fom igs trhold 


PWR 






ruAne 500ns dtl 500 ns 
‘ ns 





Shift Left/Shiftt Right 9 ¢ — 7 Do Not aia Ee 
Control . | Change NShifts®. |. Change 
Control Control 





“Shift occurs on the positive clock edge. 










PW clear 


a a. oe eee 


—| 
tDelay 
oF YUAMTMAMTM/T/ /M|/ Harr 


Description of Pin Functions 











Name Pin Function 


Input D 1 Input signal for D register. 
Recirculate 2 Input signal which is the input to the D register when recirculate 
Input D control D is high: RECD = 1. 

Ob Output D Output signa! for D register. 


Clear Input signal when high forces outputs to alow state immediately 
and clears all the registers. 


Oa Output A Output signal for A register. 


Shift Left/Shift Input signal which is low for loading data and for shifting right. 
Right Control When L/R CON is high, the register will shift left. 
A Input A Input signal which is either high or low depending on what word 
is to be loaded into shift register. 


CLK Clock Input Input signal which is normally low and pulses high to shift data 
into the registers. The data is clocked in on low to high 
edge of clock. 


Vcc 5 Volt 5 volt power supply. 


RECABC Recirculate Input signal when high disconnects inputs from registers and 
ABC connects outputs to inputs, thus recirculating data. Recirculates 
only A, B, C outputs. 


Output B Output signal for B register. 
Input B Input signal for B register. 
Input C Input signal for C register. 
Output C Output signal for C register. 
GND Ground. 


Recirculate Input signal which is normally low and, when goes high, 
Control D disconnects Input D to register and connects RECIRCULATE 
INPUT D to register. 





> 
= 
4 
— 
i) 
tu 
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Logic Diagram 


Q from 3rd Stage 





APPLICATION 


Line Buffer for Bidirectional Matrix Printer . . . 80/132 characters per line 


SR 5017/SR.5018 


CHARACTER 

GENERATOR To Print Head 
ROM(s) 

SMC CG4100 
SERIES 


Solenoid Drivers 


INTERFACE 


il 
ceed 
Hh 


End of Line 


SR 5017/SR 5018 


DATA ENTRY 
AND LOOP CONTROL From System Timing 
LOGIC 


et 





STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
CORPORATION 
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le assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
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STANDARD MICROSYSTEMS MPU 800 
an MPU 800-1 
MPU 800-4 


PRELIMINARY 


High-Performance 
Low-Power Microprocessor 


FEATURES PIN CONFIGURATION 


(_] Variable Power Supply: 2.4V - 6.0V 
_] Fully Compatible Wth Z80® Instruction Set 
_] Pin-Compatible With NSC800 
[_] Powerful Set of 158 Instructions 
[_] 10 Addressing Modes 
(_] 22 Internal Registers 
L_] Low Power: 50 mW at 5 V Vcc 
(_] Multiplexed Bus Structure 
(J On Chip Bus Controller and Clock Generator 
(_] On-Chip 8 bit Dynamic RAM Refresh Circuitry 
_] Three Speed Versions: 
MPU800-4 4MHz 
MPU800 2.5 MHz 
MPU800-1 1 MHz 
_] Capable of addressing 64 k bytes of memory, and 
256 I/O devices 
|_] Five interrupt request lines on-chip 
_] Schmitt trigger input on reset 
(_] Power-Save Feature 


1 

2 
3 
4 

5 
6 
é 
8 
9 





GENERAL DESCRIPTION 


The MPU800 is an 8 bit microprocessor that functions as including: vectored priority interrupts, refresh control, 





< 
the central processing unit (CPU) in Standard Microsys- power Save, and interrupt acknowledge. z= 
tems MPU800 microcomputer family. The device is fabri- = 
: : A ete 5 
anne eer erenos: combine high performance == hedicated peripherals (MPU810 Ram /O Timer, MPU830 AE 
. ROM 1/O Timer, and (MPU831 I/O Timer) have on-chip 
Many system functions are incorporated on the device logic for direct interface to the MPU800. 


Z80 is a registered trademark of Zilog Corporation. 
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v9s 


(25) (26) (22), (23) (24) (21) 
INTR INTA RSTA RSTB RSTC NMI 


(22) 
T STA 
INTERRUPT CONTROL 


8-BIT INTERNAL DATA BUS 


REGISTER 


FLAG (6) INSTRUCTION ARRAY 
FLIP-FLOPS. REGISTER (8) 


INSTRUCTION 
ARITHMETIC DECODER PROGRAM COUNTER (16) 
LOGIC AND 

nae UNIT MACHINE INCREMENTER 

cut aFSH WAN WD (ALU) CYCLE DECREMENTER (16) 

(8) (28) (38) (32) (8) ENCODING ADDRESS LATCH 


(40) 
Vcc 


POWER 
SUPPLY | (20) 


CLK CONTROL 


GEN 


ADDRESS DATA/ADDRESS 
TIMING AND CONTROL BUFFER (8) BUFFER (8) 


CONTROL STATUS OMA 


t t (1-8) (12-19) 


WR ALE PS SO $1 10/M BRE BACK RESET RESET A(8-15) AD(0-7) 


(31) (30) (39) (29) (27) (34) (36) (35) IN OUT ADDRESS BUS — ADDRESS/DATA BUS 
(33) (37) 





CPU Functional Block Diagram 





DESCRIPTION OF PIN FUNCTIONS 


PIN NO 
40 
20 
10 


11 Crystal In XIN Crystal connection; XIN may be used as an external clock input 
Input/Output Signals 
12-19 Address/Data 

















ADO-AD7 Multiplexed Address/Data. Active high 














At RD Time: Input data to CPU. 

At WR Time: Output data from CPU. 

At Falling Edge 

of ALE Time: Least significant byte of address during memory 
reference cycle. 8-bit port address during !/O 

During BREQ/ reference cycle. 

BACK Cycle: High impedance. 





















Input Signals 


; a _ 
36 Bus Request BREQ 


Non-Maskable NMI 
Interrupt 


Active low. Sets A (8-15) and AD (0-7) to TRI-STATE® (high impedance). 
Clears the contents of PC, | and R registers, disables interrupts, and 
causes a reset output to be activated. 


Active low. Used when another device is requesting the system bus. 
BREQ is recognized at the end of the current machine cycle, then A(8- 
15), AD(0-7), |O/M, RD, and WR are set to the highimpedance mode and 
the request is acknowledged via the BACK output signal. 


Active low. The non-maskable interrupt, generated by the peripheral 
device(s), is the highest priority interrupt request line. The interrupt is 
edge sensitive and only a pulse is required to set an internal flip-flop 
which generates the internal interrupt request. Since the NMI flip-flop is 
monitored on the same clock edge as the other interrupts, it must also 
meet the minimum set-up time spec for the interrupt to be accepted in 
the current machine instruction. Once the interrupt is accepted the flip- 
flop is reset automatically, Its execution is independent of the interrupt 
enable flip-flop. NMI execution involves saving the PC on the stack and 
automatic branching to restart address X’0066 in memory. 


Active low level sensitive. Restarts generated by the peripherals are rec- 
ognized at the end of the current instruction if their respective interrupt 
enable bits and master enable bit are set. Execution is identical to NMI 
except interrupts are enabled for the following restart addresses: 






















































Restart Interrupt 
A,B,C 












Name Restart 
or Address (X’) 
NMI 0066 
RSTA 003C 
RSTB 0034 
RSTC 002C 
INTR (Mode 1) 0038 





The order of priority is fixed (highest first) as follows: 
1) NMI 2) RSTA 3) RSTB 4) RSTC S)INTR 


Active low level sensitive. An interrupt request input generated by a 
peripheral device is recognized at the end of the current instruction pro- 
vided that the interrupt enable and master interrupt enable bits are set. 
INTR is the lowest priority interrupt request input. Under program con- 
trol, INTR can be executed in three distinct modes in conjunction with 
the INTA output. 


Active low. When set low during RD, WR or INTA machine cycles, the 
CPU extends its machine cycle in increments of t (wait) states. The wait 
machine cycle continues until the WAIT input returns high. 

The wait strobe input will be accepted only during machine cycles that 
have RD, WRor!INTA strobes and during the machine cycle immediately 
after an interrupt has been accepted by the CPU. The later cycle has its 
RD strobe suppressed but it will still accept the wait. 


39 Power Save PS Active low. PS is sampled at the end of the current instruction cycle. 
When PS is low, the CPU stops executing at the end of current instruc- 
tion and keeps itself in the low-power mode. Normal operation resumes 
when PS is returned high. 




















Interrupt Request 






















TRI-STATE® is a registered trademark of National Semiconductor Corporation. 
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| PINNO | NAME SYMBOL FUNCTION 


Output Signals 


Bus Acknowledge BACK Active low. BACK indicates to the bus requesting device that the CPU 
bus and its control signals are in the TRI-STATE mode. The requesting 
device may then take control of the bus and its control signals. 


Address Bits 8-15 - Active high. These are the most significant 8 bits of the memory address 
during a memory instruction. During an I/O instruction, the port address 
on the lower 8 bits of address get duplicated onto these 8 bits. During a 
BREQ/BACK cycle, the A (8-15) bus is in the TRI-STATE mode. 


Reset Out RESET OUT | Active high. When RESET OUT is high, it indicates the CPU is being 
reset. The signal is normally used to reset the peripheral devices. 


Input/Output/Memory iM An active high on the !O/M output signifies that the current machine 
cycle is relative to an input/output device. An active low on the IO/M out- 
put signifies that the current machine cycle is relative to memory. It is 
TRI-STATE during BREQ/BACK cycles. 


Refresh RFSH Active low. The refresh output indicates that the dynamic RAM refresh 
cycle is in progress. RFSH goes low during T3 and T4 states of all M1 
cycles. During the refresh cycle, AD(0-7) has the refresh address and 
A(8-15) indicates the interrupt vector register I. 
Address Latch Enable ALE ALE is active only during the T1 state of any M cycle and also TS state of 
M1 cycles. The high to low transition of ALE indicates that a valid 
.| memory/I-O/refresh address is available on the AD(0-7) lines. 


Read Strobe Active low. On the trailing edge of the RD strobe, data is input to the CPU 
via the AD(0-7) lines. The RD line is in the TRI-STATE mode during 
BREQ/BACK cycles. 


Write Strobe WR While the WR line is low, valid data is output by the CPU on the AD(0-7) 
lines. The WR line is in the TRI-STATE mode during BREQ/BACK cycles. 

Clock CLK CLK is an output provided for use as a system clock. The CLK outputis a 
square wave at one half the input frequency. 


Interrupt Acknowledge Active low. The interrupt acknowledge output is activated in the M1 cycle 
(S) immediately following the t state in which the INTR input is recog- 
nized. [Output is normally used to gate the interrupt response vector 
from the peripheral controller onto the AD(0-7) lines.] It is used in two of 
the three interrupt modes. In mode 0, an instruction is gated onto the AD 

‘| (0-7) line during INTA. There will be from 1 to 4 INTA strobes issued for 
each mode 0 interrupt. The amount of INTA strobes issued is instruction 
dependent. In mode 2, a single interrupt response vector is gated onto 
the data bus. In mode 1, INTA is not used. In this mode, INTR functions 
like the restart interrupts. 

Bus status outputs indicate encoded information regarding the ensuing 
M cycle as follows: 


Machine Cycle 


Opcode Fetch 
Memory Read 
Memory Write 

1/0 Read 

1/0 Write 

Halt* 

Internal Operation* 
Acknowledge of Int** 


4 [roccesedf 
--00~0~ Hi 
ooO=4~c00/P 

=| 
 fpsore2g 
s-so20n ig 


*ALE is not suppressed in this cycle. 


** This is the cycle that occurs curs immediately after the CPU accepts an interrupt 
(RSTA, RSTB, RSTC, INTR, NMI). 


Note 1: During halt, CPU continues to do dummy opcode fetch from location fol- 
lowing the halt instruction with a halt status. This is so CPU can continue to do its 
dynamic RAM refresh. 


Note 2: No early status is provided for interrupt or hardware restarts. 
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TIMING CONTROL 

Allnecessary timing signals are provided by a single state 
inverter oscillator contained on the MPU800 chip. The 
chip operation frequency is equal to one half of the fre- 
quency of this oscillator. The oscillator frequency can be 
controlled by one of the following methods: 


1. Leaving the XOUT pin unterminated and driving the 
XIN pin with an externally generated clock as shown in 
Figure 1a. When driving XIN with a square wave, the 
minimum duty cycle is 30%-70%, either high or low. 


2. Connecting a crystal with the proper biasing network 
between XIN and XOUT as shown in Figure 1b. Rec- 
ommended crystal is a parallel resonance AT cut crys- 
tal. 


Resistor capacitor feedback network described in earlier. 


data sheets will not oscillate due to gain of internal inverter 
circuit. A modification of this circuit by adding two invert- 
ers in series between the RC network and XIN will work. 


The CPU has a minimum clock frequency input (@ XIN) of 
32 kHz, which results in 16 kHz system clock speed. All 
registers internal to the chip are static, however there is 
dynamic logic which limits the minimum clock speed. The 
input clock can be stopped without fear of losing any data 
or damaging the part. You stop it in the phase of the clock 
that has XIN low and CLK OUT high. When restarting the 
CPU, precautions must be taken so that the input clock 
meets minimum specification. Once started, the CPU will 
continue operation from the same location at which it was 
stopped. During DC operation of the CPU, typical current 


drain will be 2mA. This current drain can be reduced by 
placing the CPU in a wait state during an opcode fetch 
cycle then stopping the clock. 


FUNCTIONAL DESCRIPTION 


The MPU800 is an 8-bit general purpose microprocessor 
designed for stand-alone and DMA (direct memory 
access) applications. A minimum system can be con- 
structed with an MPU800, and MPU810 (RAMI/O Timer) 
and an 27016 (EPROM). 


MPU800 uses a multiplexed bus for data and addresses. 
The 16-bit address bus is divided into a high-order 8-bit 
address bus that handles bits 8-15 of the address, anda 
low-order 8-bit mulitplexed address/data bus that handles 
bits 0-7 of the address and bits 0-7 of the data. Strobe out- 
puts from the MPU800 (ALE, RD and WR) indicate when a 
valid address or data is present on the bus. |O/M indicates 
whether the ensuing cycle accesses memory or I/O. 


During an input or output instruction, the CPU duplicates 
the lower half of the address [AD(0-7)] onto the upper half 
{A(8-15)]. The eight bits of address will stay on A(8-15) for 
the entire machine cycle. 


Figure 2 illustrates the timing relationship for opcode fetch 
cycles with and without a wait state. Figure 3 illustrates the 
timing relationship for memory read and write cycles with 
and without a wait state. Input/output cycles with and with- 
out wait state are shown in Figure 4. One wait state is auto- 
matically inserted into each I/O instruction. 


TLIC/§171-13, 


R=1M 

C1=20 pF 

C2 =34 pF 
(Recommended) 


FIGURE 1. Timing Control Configurations 








=== 


ADORESS (8- ( nootesse-ts) (taeeron VECTOR 


10/M, SO, St 


FIGURE 2a. Opcode Fetch Cycles without WAIT States 


(00-0 | 7) (an0-1 7) 


ase 


FIGURE 2b. Opcode Fetch Cycles with WAIT States 
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ae ae 
ALLA 


_A(8-15) 
10/M, SO, $1 


FIGURE 3a. Memory Read/Write Cycles without WAIT States 
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er ete | eee 
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AD(0-7) 
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FIGURE 3b. Memory Read and Write with WAIT States 
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AD(0-7) 


FIGURE 4a. Input and Output Cycles without WAIT States 


——__—_ 11] ——__>+|-—__—_-_ tz > 


CLK 


A(B-15) 


AD(0-7) 


AD{0-7) 


* WAIT state automatically inserted during 1O operation. 


FIGURE 4b. Input and Output Cycles with WAIT States 
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INITIALIZATION 


The MPU800 and its peripheral components are initial- 
ized by RESET IN and RESET OUT. RESET IN input is 
associated with an on-chip Schmitt trigger that facilitates 
using an R-C network power-on reset scheme (Figure 5). 


To ensure proper power-up conditions for the NSC800, the 
following power-up and initialization procedure is recom- 
mended: © 

1. Apply power (Vc, and GND) and set RESET IN active 
(low). Allow sufficient time (approximately 100 ms if 
crystal used) for the oscillator and internal clocks to 
stabilize. RESET IN must remain low for at least 3t 
state (CLK) times. RESET OUT, following the clock sta- 
bilization period, responds by going high, indicating to 
the system that the MPU800 is being reset. RESET 
OUT signal becomes available to reset the periph- 
erals. 


2. Set RESET IN high, following which the RESET OUT 
goes low and the CPU initiates the first opcode fetch cycle. 


NOTE: The MPU800 initialization includes: Clear PC to X’0000 
(the first opcode fetch, therefore, is from memory location 
X'0000). Clear registers | (Interrupt Vector Base) and:R (Refresh 
Counter) to X’00. Clear interrupt control register bits IEA, IEB 
and IEC. The interrupt control bit IEI is set to 1 to maintain 
INS8080A/Z80A compatibility (see INTERRUPTS for more 
details). Maskable interrupts are disabled and the CPU enters 
Interrupt Mode 0. While RESET IN is active (low), the A(8-15) and 
AD(0-7) lines go to high impedance (TRI-STATE) and all CPU 
strobes go to the inactive state. 





BUS ACCESS CONTROL 


Figure 6 illustrates bus access control in the MPU800. The 
external device controller produces an active BREQ sig- 
nal that requests the bus. When the CPU responds with 
BACK then the bus and related control strobes go to high 
impedance (TRI-STATE). It should be noted that (1) BREQ 
is sampled at the last t state of any M machine cycle only. 
(2) the MPU800 will not acknowledge any interrupt/restart 
requests, and will not perform any dynamic RAM refresh 
functions until after BREQ input signal is inactive high. (3) 
BREQ signal has priority over all interrupt request signals, 
should BREQ and interrupt request become active simul- 
taneously. 





Vcc 


MPU800 


RESET OUT INDICATES WHEN CPU 


RESET IN IS BEING RESET 


FIGURE 5. Power-On Reset 


“$0, $1 during BREQ will indicate same machine cycle as during cycle when BREQ was accepted. 
tz = time states bus and control signals are in high impedance mode. 


FIGURE 6. Bus Acknowledge Cycle 
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REGISTER CONFIGURATION 

The MPU800 contains 22 programmable registers as 
shown in Figure 7. The CPU working registers are 
arranged in two 8-register configurations, each of which 
includes an 8-bit accumulator, a flag register, and six gen- 
eral purpose 8-bit registers. Only one 8-bit register set 
may be active at any given moment. However, simple 
instructions exist that allow the programmer to exchange 
the active and alternate register sets. 


It should also be noted that the six 8-bit general purpose 
registers (B, C, D, E, H, and L) can be accessed as 16-bit 
registers (BC, DE, and HL). The functions of these 
become apparent in the instruction set description. 


CPU Main Working Register Set 
Accumulator (8) Flags F 
Register B (8) Register C 
Register D (8) Register E 
Register H (8) Register L 


(8) 
(8) 
(8) 
(8) 


CPU Alternate Working Register Set 
AccumulatorA’ (8) Flags F’ (8) 
Register B’ (8) Register C’ (8) 
Register D’ (8) Register E’ (8) 
Register H’ (8) Register L’ (8) 


CPU Dedicated Registers 
Index Register IX 
index Register lY 
Interrupt Vector 
Register | 
Memory Refresh 
Register R 
Stack Pointer SP 
Program 
Counter PC 


FIGURE 7. Register Configuration 





DEDICATED REGISTERS: 

Program Counter (PC): The program counter contains 
the 16-bit address of the current instruction being fetched 
from memory. The PC is incremented after its contents 
have been transferred to the address lines. When a pro- 
gram jump occurs, the new address is placed in the PC, 
overriding the incrementer. 


Stack Pointer (SP): The stack pointer contains the 16-bit 
address of the current top of a stack located in external 
system RAM memory. The external stack memory is orga- 
nized as alast-in, first-out (LIFO) file. The stack allows sim- 
ple implementation of multiple level interrupts, virtually 
unlimited subroutine nesting and simplification of many 
types of data manipulation. 


Index Registers (IX and IY): The two 16-bit index regis- 
ters hold a 16-bit base address used in indexed address- 
ing modes. In this mode, an index register is used as a 
base to point to a region in memory from which data is to 
be stored or retrieved. An additional byte is included in 
indexed instructions to specify a displacement from this 
base. This displacement is specified as a two’s comple- 
ment signed integer. 
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Interrupt Page Address Register (I): The MPU800 CPU 
can indirectly call any memory location in response to a 
mode 2 interrupt. The | register is used to store the high- 
order 8 bits of the address. The low-order 8 bits are sup- 
plied by the interrupting peripheral. This feature allows 
interrupt routines to be dynamically located anywhere in 
memory with minimal access time to the routine. 


Memory Refresh Register (R): The MPU800 CPU con- 
tains amemory refresh counter to enable dynamic memo- 
ries to be used with the same ease as static memories. 
This 8-bit register is automatically incremented after each 
instruction fetch. The data in the refresh counter is sent 
out on the lower portion of the address bus along with a 
refresh control signal while the CPU is decoding and exe- 
cuting the fetched instruction. This mode of refresh is 
totally transparent to the programmer and does not slow 
down CPU operation. The programmer can load the R reg- 
ister for testing purposes, but this register is normally not 
used by the programmer. 


ACCUMULATORS AND FLAG REGISTERS 


The CPU includes two 8-bit accumulators and two associ- 
ated 8-bit flag registers. The accumulator holds the results 
of 8-bit arithmetic or logical operation. The flag register 
indicates specific conditions for 8-bit or 16-bit operations. 


FLAG REGISTERS (F, F’) 

The two MPU800 flag registers each contain six status bits 
that are set or reset (cleared) by various CPU operations 
(Figure 8). Four of these bits (carry, zero, sign, and parity/ 
overflow flags) can be tested by the programmer. The 
descriptions of the flags follow. 


Carry Flag (C): This flag is set by the carry from the high- 
est order bit of the accumulator during an add instruction 
or a borrow generated during a subtraction instruction. 
Specific shift and rotate instructions also affect this bit. 


Zero Flag (Z): This flag is set when a zero is loaded into 
the accumulator as a result of an operation. Otherwise it 
remains clear. 


Sign Flag (S): This flag stores the state of bit 7 (the sign 
bit) in the accumulator after an arithmetic operation. This 
flag is intended to be used with signed numbers. 


Parity/Overflow Flag (P/V): During logical operations 
this flag is set when the parity of the result is even and 
reset when it is odd. It represents overflow when signed 
two’s complement arithmetic operations are performed. 
An overflow occurs when the resultant of a two’s comple- 
ment operation (in the accumulator) is out of range. 


The two non-testable flag register bits used for BCD 
arithmetic are: 


Half Carry (H): The flag indicates a BCD carry or borrow 
result from the least significant four bits of an operation; 
when using the DAA (Decimal Adjust Accumulator 
Instruction), it is used to correct the result of a previously 
packed decimal add or subtract. 


Add/Subtract Flag (N): Since the algorithm for correcting 
BCD operations is different for addition or subtraction, this 
flag specifies what type of instruction was executed last in 
order that the DAA operation will be correct for either oper- 
ation. 


CARRY 
ADD/ SUBTRACT 


PARITY OVERFLOW 
HALF CARRY 
ZERO 

SIGN 


FIGURE 8. Flag Register 





INTERRUPTS 

The MPU800 has five interrupt/restart inputs, four are 
maskable (RSTA, RSTB, RSTC, and INTR) and one is non- 
maskable (NMI). NMI, having the highest priority of all 
interrupts, is always serviced and cannot be disabled by 
the user. After recognizing an active input on NMI, the 
CPU stops before the next instruction, pushes the PConto 
the stack, and jumps to address X’0066, where the user’s 
interrupt service routine is located (i.e., restart to memory 
location X’0066). NMI is intended for interrupts requiring 
immediate attention, such as power-down, control panel, 
etc. RSTA, RSTB and RSTC are restart inputs, which, if 
enabled, execute a restart to memory location X’003C, 
X’0034, and X’002C, respectively, Note that the CPU 
response to the NMI and RST (A, B, C) request input is 

















LAST M CYCLE OF INSTRUCTION——>' 
+— LAST t STATE —> 


——e 


basically identical. Unlike NMI, however, restart request 
inputs must be enabled. 


Figure 9 illustrates NMI and RST interrupt machine cycles. 
M1 cycle will be a dummy opcode fetch cycle followed by 
M2 and M3 which are stack push operations. The follow- 


ing instruction will then start from the interrupts restart 


location. 


The MPU800 also provides one more general purpose 
interrupt request input, INTR. When enabled, the CPU 
responds to INTR in one of the three modes defined by 
instruction IMO, IM1, and!IM2 for modes 0, 1 and 2, respec- 
tively. Following reset, the CPU automatically sets itself in 
mode ). 





Interrupt (INTR) Mode 0; Similar to INS8080A mode. The 
CPU responds to an interrupt request by providing an 
INTA (interrupt acknowledge) strobe, which can be used to 
gate an instruction from a peripheral onto the data bus. 
Two wait states are automatically inserted by the CPU dur- 
ing the first INTA cycle to allow the interrupting device (or 
its controller) ample time to gate the instruction and deter- 
mine external priorities. (Figure 10). This can be any 
instruction from one to four bytes. The most popular 
instruction would be a one-byte call (restart instruction) or 
a three-byte call (CALL NN instruction). If it is a three-byte 
call, the CPU issues a total of three INTA strobes. The last 
two read NN (which do not include wait states). 





Interrupt (INTR) Mode 1: Similar to the restart interrupts 
except the restart location is X’0038 (Figure 9). 


13 ——+| << 4 ——+ «1 —_+ 


on 7) 


= 


10/M, So, $1 


Aeae 


* This is the only machine cycle that does not have an RD, WR, or INTA strobe but will accept a wait strobe. 


10/M=0, SO=1, $1=1 


FIGURE 9. Non-Maskable and Restart Interrupt Machine Guide 
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LAST M CYCLE OF INSTRUCTION 
LAST t STATE 


AD(0-7) 


A(8-15) 


id tw is the CPU generated WAIT state in response to an interrupt request. 


FIGURE 10. Interrupt Acknowledge Machine Cycle 


Interrupt (INTR) Mode 2: With this mode, the program- 
mer maintains a table that contains the 16-bit starting 
address of every interrupt service routine. This table may 
be located anywhere in memory. When the mode 2 inter- 
rupt is accepted (Figure 117), a 16-bit pointer must be 
formed to obtain the desired interrupt service routine start- 
ing address from the table. The upper 8 bits of this pointer 
are from the contents of the | register, which has been pre- 
viously loaded with the desired value by the programmer. 
The lower 8 bits of the pointer are supplied by the interrupt- 
ing device with the low-order bit forced to zero. The pointer 
is used to get two adjacent bytes from the interrupt service 
routine starting address table to complete the 16-bit serv- 
ice routine starting address. The first byte of each entry in 
the table is the least significant (low-order) portion of the 
address. The programmer must obviously fill this table 
with the desired addresses before any interrupts are to be 
accepted. 


Note that this table can be changed at any time to allow 
peripherals to be serviced by different service routines. 
Once the interrupting device supplies the lower portion of 
the pointer, the CPU automatically pushes the program 
counter onto the stack, obtains the starting address from 
the table and does a jump to this address. 


The interrupts have fixed priorities built into the MPU800 
as: 


NMI (Highest Priority) 
RSTA 
RSTB 
INTR (Lowest Priority) 


ENABLING INTERRUPTS 
NMI, being a non-maskable interrupt request, is executed 
as it occurs and can never be disabled. 


The maskable interrupt inputs (RSTA, RSTB, RSTC, and 
INTR) are enabled under program control through the use 
of the interrupt control register and enable/disable inter- 
rupt instruction. 


The appropriate interrupt control bits in 4-bit control regis- 
ter (IEA, IEB, IEC, and IE!) must be enabled in conjunction 
with IFF1 and IFF2, before the maskable INTR and RST A, 
B, C can be accepted by the CPU. 


SUPPLIED BY | REGISTER 


LOW-ORDER BYTE 
HIGH-ORDER BYTE 


The interrupt control register is an on-chip write only out- 
put port located at port address X’BB. It can only be written 
to by either the OUT (C), r or OUT (N), A instructions (for 
example OUT] instruction will not affect Interrupt Control 
Register). Its contents are: 


Bit Name Function 
0 IEl =‘ Interrupt Enable for INTR 
1 lEC " ‘i 2 RSTC 
2 lEB : is " RSTB 
3 IEA se My " RSTA 


For example: In order to enable RSTB, CPU interrupts 
must be enabled and IEB must be set. 


Atreset, IEI bitis set and other mask bits, IEA, EB, IEC are 
cleared. This maintains the software compatibility 
between MPU800 and INS8080A (or Z80A). 


Execution of an IO block move instruction will not affect 
the state of the interrupt control bits. The only two instruc- 
tions that will modify this write only register are OUT (C), r 
and OUT (N), A. 


POWER-SAVE FEATURE 

The MPU800 provides a unique power-save mode by the 
means of the PS pin. PS input is sampled at the last t state 
of the last M cycle of an instruction. After recognizing an 
active (low) level on PS, the MPU800 stops its internal 
clocks, thereby reducing its power dissipation to one half 
of operating power, yet maintaining all register values and 
internal control status. The MPU800 keeps its oscillator 
running, and makes the CLK signal available to the sys- 
tem. When in power-save the ALE strobe will be stopped 
high and the address lines [AD(0-7), A(8-15)] will indicate 
the next machine address. When PS is returned high, the 
opcode fetch (or M1 cycle) of the CPU begins in a normal 
manner. Note this M1 cycle could also be an interrupt 
acknowledge cycle if the MPU800 was interrupted simul- 
taneously with PS. Figure 12 illustrates the power-save 
feature. 


In the event BREQ is asserted (low) at the end of an 
instruction cycle and PS is active simultaneously, the fol- 
lowing occurs: 


1. The MPU800 will go into BACK cycle 
2. Upon completion of BACK cycle if PS is still active the 
CPU will go into power-save mode. 


POINTER TO 
SUBROUTINE 


SUBROUTINE 


FIGURE 11. interrupt Mode 2 
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AD(0-7) 
A(8-15) 
SO, $1, 10/M 


LAST M CYCLE OF INSTRUCTION ——> 


PS 


ALE 


FIGURE 12. MPU800 Power-Save 


INSTRUCTION SET 


In the following instruction set listing, the notation used is 
shown below. 


b: 


cc: 


kk: 


m1: 


m2: 


nn: 


pp: 


qa: 


Used in instructions employing bit mode address- 
ing to designate one bit in a register or memory 
location. 
Designates condition codes used in conditional 
Jumps, Calls, and Return instructions; may be 
NZ = Non Zero (Z Flag=0) 
Z= Zero (Z Flag = 1) 
NC =Non Carry (C Flag = 0) 
C = Carry (C Flag = 1) 


PO = Parity Odd or No Overflow (P/V = 0) 
PE = Parity Even or Overflow (P/V = 1) 

P = Positive (S = 0) 

M = Negative (S = 1) 


Used in instructions employing relative or indexed 
modes of addressing to designate 8-bit signed 2’s 
complement displacement. 


Subset of cc condition codes used in conjunction 
with conditional relative jumps; may be NZ, Z, NC 
orC. 


Used in instructions employing register indirect or 
indexed modes of addressing; may be (HL), 
(IX +d) or (IY +d). 


Used in instructions employing register indirect or 
direct modes of addressing; may be (BC), (DE), or 
(nn). 

Any 8-bit binary number. 

Any 16-bit binary number. 

Used in 16-bit arithmetic instructions employing 
register modes of addressing; may be BC, DE, SP, 
or register designated as destination operand. 


Used in instructions employing register modes of 
addressing; may be BC, DE, HL, AF, IX, or IY. 


Used in instructions employing register mode of 
addressing; may be A, B, C, D, E, H, or L. 


Used in instructions employing register mode of 


addressing; may be BC, DE, HL, SP IX, or IY. 


Ss: 


Xi! 


Xu! 





Used in instructions employing register mode of 
addressing; may be HL, IX, or IY. 


Used to restart instructions employing modified 
page zero addressing mode; may take on hex val- 
ues of 0, 8, 10, 18, 20, 28, 30, or 38. 


Subscript L indicates the high order byte of a 16-bit 
register. 


Subscript H indicates the high-order byte of a 16- 
bit register. 


Parentheses indicate the contents are considered 
a pointer to a memory or I/O location. 


8-BIT LOADS 
REGISTER TO REGISTER 


Mnemonic Description Operation 
LD ry, rs Load register r, with r, rg, 
LDA, Load ACC with register | Ac 
LDI,A Load register | with ACC lA 
LDA,r Load ACC with register Aer 
R 
LDrA Load register R with re—A 
ACC 
LDrn Load register r with re—n 
immediate data n 
REGISTER TO MEMORY 
Mnemonic Description Operation 
LD m1,r ‘Load memory from mier 
register r 
LD,m2,A Load memory from ACC m2eA 
LD mi,n Load memory with mien 
immediate data n 
MEMORY TO REGISTER 
Mnemonic Description Operation 
LD r, m1 Load register r from re—-m1 
memory 
LD A, m2 Load ACC from memory Aem2 
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16-BIT LOADS 
REGISTER TO REGISTER 
Mnemonic Description 


LD rr, nn Load register rr with 


immediate data nn 


LD SP,ss____Load SP register 
with register ss 
REGISTER TO MEMORY 
Mnemonic Description 
LD (nn), rr Load memory location 
nn with 16 bit register rr 
PUSH qq Push contents of 


16-bit register qq onto 
memory stack 


MEMORY TO REGISTER 


Mnemonic Description 


LDrr,(nn) Load 16-bit register rr 
from memory location nn 
Pop contents of stack 

to register qq 


POP qq 


8-BIT ARITHMETIC 


REGISTER ADDRESSED ARITHMETIC 


Mnemonic Description 

ADD A, r Add contents of register 
rto ACC 

ADC,A,r Add with carry contents 
of register r to ACC 

SUBr Subtract 
contents of register r 
from ACC 

SBC A,r Subtract contents of 
contents of register r 
from ACC 

AND r Logically AND contents 
of register r with ACC 

ORr Logically AND contents 
of register r with ACC 

XORr Exclusive OR contents 
of register r with ACC 

CPr Compare contents of 
register r to ACC 

INC r Increment contents of 
register r 

DECr Decrement contents of 
register r 

DAA Decimal adjust ACC 

CPL Complement ACC 


(1’s complement) 


Operation 
rr—nn 


SPess 


Operation 


(nn)e—rr, 

(nn + 1)¢-rr,, 
(SP-1)+-qqy 
(SP-2)<qq, 
SP<SP-2 


Operation 
rr, ¢-(nn) 
rry—(nn + 1) 
qq.+-(SP) 
Qqu+-(SP + 1) 
SP+SP +2 


Operation 
AcA+r 
AeA+r+CY 
AeA-r-r 


At-A-r-CY 


AeAAr 
AeAvr 
AeA-4r 


Acr 

Z flage-1 
ifA=r 
else 

Z Flagfi0 
rer +1 


re—r—1 
(ACC adjust 


for BCD) 
Atc-A 


NEG Negate ACC (2’s 
complement) 
Complement carry flag 


Set carry flag 


CCF 
SCF 


Ac0-A 


CY CY 
CY<1 


IMMEDIATE ADDRESSING MODE ARITHMETIC 


Mnemonic Description 
ADD A, n Add number n to ACC 
ADCA,n ~~ Add with carry number n 

to ACC 
SUBn Subtract number n 
from ACC 
SBC A,n Subtract with carry 
number n from ACC 
AND n AND number n with ACC 
ORn OR number n with ACC 
XORn Exclusive OR number n 
with ACC 
CP n1 


Compare number n to 
ACC 


MEMORY ADDRESSED ARITHMETIC 


Mnemonic Description 
ADD A,m1 Add memory to ACC 
ADC A,m1_ Add with carry memory 

to ACC 
SUB m1 Subtract memory from 
ACC 
SBC A,m1_ Subtract with carry 
memory from ACC 
AND m1 AND memory with ACC 
OR m1 OR memory with ACC 
XOR m1 Exclusive OR memory 
with ACC 
CP m1 Compare memory with 
ACC 
INC m1 Increment memory 
DEC m1 Decrement memory 


16-BIT ARITHMETIC 


REGISTER ADDRESSED ARITHMETIC 


Mnemonic Description 
ADD ss, pp Add 16-bit register pp 
to 16-bit register ss 
ADC HL, pp Add with cary 16-bit 
register pp to HL 
SBC HL, pp Subtract with carry 
16-bit register pp 


from HL 

INC rr Increment 16-bit 
register rr 

DEC rr Decrement 16-bit 
register rr 
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Operation 


Ae—A+n 
Ae-A+n+CY 


Ae—A-n 
AtA-n-CY 


AceAAn 
AcAvn 
AcA-+n1 


A:n1 

Z flage—1 
ifA=n 
else 

Z Flage-0 


Operation 


Ae-A+m1 
AeA+m1+CY 


AeA-m1 
Ae-A-m1-CY 


AeAAm1 
AeAvm1 
A~—Awnt 


A: m1 

Z flage1 
ifA=r 

else 

Z Flage-0 
mi«mi +1 
mi«—m1-1 


Operation 
ss¢ss+pp 
HL+HL 
+pp+CY 
HLHL 
—pp-CY 
rre—rr +1 


rre—rr—1 





BIT SET, RESET, AND TEST 
REGISTER 
Mnemonic Description 


SET b, r Set bit in register r 


RES b, r Reset bit in register r 
BIT b,r Test bit in register r 
MEMORY 
Mnemonic Description 
Setb,m1 —_ Set bit in memory 
location m1 
RES b,m1_ Reset bit b in memory 
location m1 
BITb,m1 Test bit b in memory 
location m1 
EXCHANGES 
REGISTER/REGISTER 
Mnemonic Description 


EX DE, HL Exchange contents of 
DE and HL register 
Exchange contents of A 
and F registers with A1 
and F1 registers 


EX AF, AF1 


EXX Exchange contents of 
BC, DE and HL registers 
with corresponding 
alternate registers 

REGISTER/MEMORY 

Mnemonic Description 


EX (SP),ss Exchange top of stack 
with 16-bit register ss 


Operation 
r+-1 


r,+-0 
Zery 


Operation 
mibe-1 
mib«0O 


Z+emib 


Operation 
DEHL 
AFeAF’ 
BC+BC’ 


DE+DE’ 
HL#HL’ 


Operation 


(SP)+ss, 
(SP + 1)++ss,, 


MEMORY BLOCK MOVES AND SEARCHES 


Block move and search instructions (such as LDIR and 
INIR) Insert a dummy instruction fetch after each cycle to 


keep refresh going. 
SINGLE OPERATIONS 


Mnemonic Description 


LDI Move data from memory 
location (HL) to memory 
location (DE), increment 
memory pointers, and 
decrement byte counter 
BC. 


Operation 


(DE)+-(HL) 
DE+DE +1 
HL+HL + 1 
BC+BC-1 
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LDD 


CPI 


CPD 


Move data from memory 
location (HL) to memory 
location (HL) to memory 
location (DE), and decre- 
ment memory pointer 
and byte counter BC. 
Compare data in mem- 
ory location (HL) to ACC, 
increment memory 
pointer and decrement 
byte counter BC. 
Compare data in mem- 
ory location (HL) to ACC 
and decrement memory 
pointer and byte counter 
BC. 


REPEAT OPERATIONS 


Mnemonic 


LDIR 


LDDR 


CPIR 


CPDR 


Description 


Move data from memory 
location (HL) to memory 
location (DE), increment 
memory pointers, decre- 
ment byte counter BC, 
until BC =0 

Move data from memory 
location (HL) to memory 
location (DE), decrement 
memory pointers and 
byte counter BC, repeat 
until BC =0 

Compare data in memory 
location (HL) to ACC, 
increment memory 
pointer, decrement byte 
counter BC, repeat until 
BC=Oor(HL)=A 
Compare data in memory 
location (HL) to ACC, 
decrement memory 
pointer and byte counter 
BC, repeat until BC =0 or 
(HL)=A 


INPUT/OUTPUT 


Due to the multiplexed bus structure, the MPU800 han- 
dies the address bus differently than the Z80 during input 
and output instructions. The MPU800 duplicates the port 
address on the upper and lower halves of the address. 


Mnemonic 


IN A, (n) 


Description 


Input from I/O device at 


‘ address n to ACC 


OUT (n), A 
IN r, (C) 
OUT (C), r 
INI 


Output to I/O device at 
address n from ACC 
Input from I/O device at 
address (C) to register 
Output to 1/O device at 
address (C) from register 
Input from I/O device at 
address (C) to memory 
location (HL), increment 
pointer, and decrement B 
counter 


(DE)+-(HL) 
(DE)—(HL) 
DE DE-1 
HL+HL-1 
BC+-HL-1 


A-(HL) 
HLHL + 1 
BC—BC-1 


A-(HL) 
HL+HL-1 
BC«—BC-1 


Operation 


(DE)+-(HL) 
DE—DE +1 
HLeHL + 1 
BC+—BC-1 
Repeat until 
BC=0 
(DE)+-(HL) 
DE+-DE-1 
HL+-HL-1 
BC+-BC-1 
Repeat until 
BC=0 
A-(HL) 
HL+-HL + 1 
BC+BC-1 
Repeat until 
BC =Oor 
(HL)=A 
A-(HL) 
HL+HL-1 
BC+BC-1 
Repeat until 
BC=Oor 
(HL)=A 


Operation 
Ae(n) 
(n)—A 
re(C) 
(C)er 
(HL)+—(C) 


HL+HL + 1 
BeB-1 


Mnemonic 


OUTI 


IND 


OUTD 


INIR 


OUTIR 


INDR 


OUTDR 


Description 


Output to I/O at address 
(C) from memory location 
(HL), increment pointer, 
and decrement B counter 
Input from I/O device at 
address (C) to memory 
location (HL) and decre- 
ment pointer, and B 
counter 

Output to I/O device at 
address (C) from memory 
location (HL) and decre- 
ment pointer 

B counter 

Output to I/O device at 

at address (C) to mem- 
ory location (HL), incre- 
ment pointer, decrement 
B counter, and repeat 
until B=0 

Output to I/O device at 
address (C) from memory 
location (HL), increment 
pointer, decrement B 
counter, and repeat until 
B=0 

Input from 1/0 device at 
address (C) to memory 
location (HL), decrement 
pointer and B counter, 
and repeat until B=0 
Output to I/O device at 
address (C) from mem- 
ory location (HL), decre- 
ment pointer and B 
counter, and repeat until 
B=0 


CPU CONTROL 


Mnemonic 


NOP 
HALT * 
DI 

El 
IMO 
IM 1 
IM2 


Description 


No operation 

Halt processor 
Disable Interrupts 
Enable Interrupts 
Set Interrupt Mode 0 
Set Interrupt Mode 1 
Set Interrupt Mode 2 


Operation 


(C)+-(HL) 
HLe—HL +1 
Be-B-1 


(HL)(C) 
HL—HL-1 
BeB-1 


(C)+-(HL) 
HL—HL-1 
Be-B-1 


(HL)+-C 
HL+-HL + 1 
Be-B-1 
Repeat until 


(C)+-(HL) 
HL—HL + 1 
Be-B-1 
Repeat until 
B=0 


(HL)+-(C) 
HL+HL-1 
Be-B-1 
Repeat until 
B=0 
(C)+-(HL) 


‘HL*-HL-1 


BeB-1 
Repeat until 
B=0 


Operation 


*Halt instruction locks CPU into an endless cycle of instruction fetches 
until CPU is reset or interrupted. Therefore dynamic memory refresh 
continues to run. 


PROGRAM CONTROL 


JUMPS 
Mnemonic 
JP nn 
JP (ss) 


JP cc, nn 


JRd 
JR kk, d 
DJNZ, d 


CALLS 
Mnemonic 


CALL nn 


CALL cc, nn 


RETURNS 
Mnemonic 
RET 
RET cc 


RETI 
RETN 


RESTARTS 


Mnemonic 


RST T 


Description 


Unconditional jump 
direct to nn 
Unconditional jump 
indirect via ss register 
Conditionally jump 
direct to nn if cc is true 


Unconditional jump 
toPC+d 

Conditionally jump 

PC +d if kk is true 
Decrement B register 
and jump to PC +d if 

B +0, otherwise continue 


Description 


Unconditional call to 
subroutine at location nn 


Conditional call to 


subroutine at location 
nn if cc true 


Description 
Unconditional return 
from subroutine 
Conditional return 
from subroutine 


Return from interrupt 


Return from non- 
maskable interrupt 


Description 


Interrupt to location T 


Operation 
PCenn 
PC+e-ss 


If cc true, 
PC«nn, else 
continue 
PC+PC+d 


if kk true, 
PC+PC +d 
Be-B-1 
ifB=0 
PC+-PC+d 


Operation 


(SP-—1)-PC,, 
(SP-2)-PC, 
PCenn 

if cc true, 
(SP-1)+-PC,, 
(SP-2)+-PC, 
PC«nn, else 
continue 


Operation 


PC,«(SP) 
PC, «-(SP + 1) 
If cc true: 
PC,+(SP) 
PC,,+-(SP + 1) 
else continue 
PC,(SP) 
PC,-(SP + 1) 
PC,<(SP) 
PC,,-(SP + 1) 
Restore 
interrupt 
enable 

status 


Operation 


(SP-1)+-PC,, 
(SP-2)<-PC, 
PCT 
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REGISTER 
MNEMONIC DESCRIPTION OPERATION 


ROTATE REGISTER r LEFT CIRCULAR 7<—0 

: if F 
ROTATE REGISTER r LEFT THROUGH Lay a are 
CARRY . 
ROTATE REGISTER r RIGHT CIRCULAR 
ROTATE REGISTER r RIGHT THROUGH 
CARRY 


SHIFT REGISTER r LEFT ARITHMETIC 


SHIFT REGISTER ¢ RIGHT ARITHMETIC 


SHIFT REGISTER r RIGHT LOGICAL : o—+[7 > o} —+fer] 
r 


MEMORY 
MNEMONIC DESCRIPTION OPERATION 


ROTATE MEMORY LEFT CIRCULAR 7-0 


mi 
ROTATE MEMORY LEFT THROUGH CARRY La =a 
mi 


ROTATE MEMORY RIGHT CIRCULAR 7—>0 


mi 
ROTATE MEMORY RIGHT THROUGH Se ae 
CIRCULAR mi 


SHIFT MEMORY LEFT ARITHMETIC 70 
mi 


SHIFT MEMORY RIGHT ARITHMETIC —> 0 


mi 


SHIFT MEMORY RIGHT LOGICAL o—+[ 7 — of —[or] : 
m1 


REGISTER/ MEMORY 
MNENONIC DESCRIPTION OPERATION 


ROTATE DIGIT LEFT AND RIGHT BETWEEN 
ACC AND MEMORY (HL) 


RRD ROTATE DIGIT RIGHT AND LEFT BETWEEN 


ACC AND MEMORY (HL) 
ROTATE AND SHIFT 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 




















































































































Slorage Temperatures ys os y iets Sys yay cats ma ewe ea a oa ee aoe Se eee eee ee -65°C to + 150°C 
Voltage on Any Pin with Respect to Ground ..... 0.0... ccc cee teens -0.3V to Vo, + 0.3V 
MAXIMUM Viceuit Boia Guts cae colette a eduatde Sun tC pea twee Pech Ite wee that Oa ha tate coun eee eR ome 7V 
Power: DiSSIPAtiOM << 3 es.d.c ccd seh Gb Deed eateries wok peed ns Wed Secs bees @ Clee cae Bak ait SoBe Ua gd. tb Gad kes 1w 
Lead Temperature (Soldering, 10 seconds). ........... ccc cece eee eee eee eee e ene eeenas 300°C 
DC ELECTRICAL CHARACTERISTICS T, = 0°C to + 70°C, Veg = 5V + 10%, GND = OV, unless otherwise specified. 
Symbol Parameter Conditions | Min Typ | Max Units 

Vin Logical 1 Input Voltage = 0.7 vee _ | Vee Vv 

Vit Logical 0 Input Voltage | ih 0 0.2 Vec Vv 

Vay Hysteresis at RESET IN input | Voc =5V 0.25 0.5 | V 

Vont Logical 1 Output Voltage loyr = -1.0 MA 2.4 Vv 

Vous Logical 1 Output Voltage loyt=—10 HA Voe7-05 “cls V 

Vou Logical 0 Output Voltage —S*«|—«‘Ig, = 2 MA 0 eil 0.4 Vv 

Vai, ook Logical 0 Output Voltage lour = 10 PA a. 0 0.1 V 

n Input Leakage Current | 0<Vin< Veo -10.0 yA 

ec Output Leakage Current 0<Vin<Vec -10.0 yA 

loca Active Supply Current lour = 0, fixiny = 5 MHz 10 mA 

loca Active Supply Current lour = 9, foan = 8 MHz 15 mA 

leea __| Quiescent Current firxiny = O MHz 2 4 mA 

= Power-Save Current fin) = 5.0 MHz 5 | | mA 

Cin Input Capacitance 6 pF 

Cour Output Capacitance 8 pF 

Voc Power Supply Voltage Note 2 2.4 5 | 6 | Vv 





Note 1: Absolute Maximum Ratings indicate limits beyond which permanent damage may occur. Continuous operation at these limits is not intended 
and should be limited to those conditions specified under DC Electrical Characteristics. 


Note 2: CPU operation at lower voltages will reduce the maximum operating speed. DC and AC electrical characteristics at voltages other than 5V + 
10% are forthcoming. 


Preliminary (not tested) ; 


Max CPU Speed’ MPU800-1 MPU800 MPU800-4 | —sUnits—s 
@2.4V 500 500 kHz 
@3.0V 1 1 MHz 


*Speed of CPU is expressed in clock speed, not crystal speed. 


lec vs System Speed 


Lad 
= 


Icc —SUPPLY CURRENT (mA) 








0 
005 115 225 335 4 45 
FREQUENCY AT CLOCK (MHz) 


AC ELECTRICAL CHARACTERISTICS V,.=5V+10%, GND = OV 
MPU800 | MPU800-4 


tin | tax | in| ax | 


500 31250! 200)31250) 125/31250) ns 










Parameter 









Period at XIN and XOUT 
Pins 

Period at Clock Output 
( =2 ty) 


















1000 ime 400 |62500, 250/62500) ns 
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AC ELECTRICAL CHARACTERISTICS (Continued) Voc = 5V + 10%, GND = OV 


t 


ty 

tacc (RD) 
tarr 
tense 


tease 


teact 


taRH 
tears 
toar 


toar 
toa 


toar 
toaw 
toyeack)1 


towacky2 
tow 

topa 
toyrFsH) 


towain 








MPU800-1 | MPU800 


MPU800-4 


(oy) 
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' Ea 
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Period at XIN and XOUT 500 
Pins 

Period at Clock Output 1000 
( =2 x 


62500 




















tx) 
Clock Rise Time Lies 110 Ei S 
pe Tee ae 
Clock Low Time 490 a 190 beer 
Clock High Time 450 || 150 mi 
i Oe ld 
AD(0-7) Float after 
RD Falling 
BACK Rising to Bus 1000 400 250 
Enable 
BACK FallingtoBusFloat{ | 50{ | 50| | _50| ns | 
BACK Falling to CLK 425 125 55 
Falling 
BREQ Hold Time [| of ft of ot ns | 
BREQ Set-Up Time | woo] =| so] | 35] ns | 
Clock Falling to ALE 30 30 35 
Falling 
Clock Rising to ALE 100 100 75 
Rising 
ALE Falling to INTA 530 230 100 
Falling 
ALE Falling to RD Falling 225| 250| 125] 160] ns | 
ALE Falling to WR Falling | 990|1010/ 390] 410 250| ns 
ALE Falling to BACK 2500 
Falling 

ising to BACK 





BREQ Rising t 500| 1600) 200} 700; 125] 475; ns 
Rising 
ALE Falling to INTR, NMI, 1375 250 












RSTA-C, PS, BREQ 
Inputs Valid 


Rising PS to Falling ALE 


Falling ALE to Falling 1 
RFSH 


ALE Falling to WAIT input 
Valid 
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A(8-15) Holt Time During 
Opcode Fetch 


° 
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Notes 


Measured from 10%-90% of 
signal 

Measured from 10%-90% of 
signal 

50% duty cycle, square wave 
input on XIN 

50% duty cycle, square wave 
input on XIN 

Add t for each WAIT STATE 
Add t/2 for memory read cycles 


Add t for each WAIT state 
Add t for opcode fetch cycles 


Ada t for each WAIT state 
Add t for opcode fetch cycles 


See Figure 12 also 
Add t for each WAIT state 


Negative number means ALE 
occurs first 





AC ELECTRICAL CHARACTERISTICS (Continued) Voc = 5V + 10%, GND = OV 
MPU800 | MPU800-4 


Symbol Parameter ain | tax | 


teva RD Rising to ALE Rising | 450 150 


Units Notes 


Nila} oa]. 


(Memory Read) 

thuiop) RD Rising to ALE Rising -75 
Opcode 

Tsao AD(0-7) Set-Up Time 300{/ | 80 


trace) A98-15), SO, Sl, 1O/M 100 
Set-Up Time 


tees Write Data Set-Up Time | 385| 


tans ALE Width ne 130 


| 
oi 








= 

= 
zs 
nic 
9) z 
— 
2 
2D 
sy 
e 
9 

so2) 

or 


ti WAIT Hold Time = a ea — 
tii Wi 500 200 125 
S,B 
twantay INTA Strobe Width 1000 400 200 Add two t states for first INTA of 
: each interrupt response string 

Add t for each WAIT state 

ha WR Risingto ALE Rising | 450/ | 150] | 9go/| | 

twirp) Read Strobe Width During} 1000 400 225 Add t for each WAIT State 

Opcode Fetch Add t/2 for Memory Read 

Cycles 

twrrsy | Refresh Strobe Width 1925] | 725] | 400[ i 

tits WAIT Set-Up Time toof | 50; | 35] 

twain WAIT Input Width 550 250 175 

twowr Write Strobe Width 1000 400 220 Add t for each WAIT state 

toe XIN to Clock Falling | 25] 55{ 25| 55] 25] 55] ns | 

ton XIN to Clock Rising | 45] 75| 45] 75| 45] 75] ns | 


Note 1: Test conditions: t= 1000 ns for MPU800-1, 400 ns for MPU800, 250 ns for MPU800-4. 


Note 2: Output timings are measured with a purely capacitive load of 150 pF. The following correction factor can be used for other loads: 
150 pF <C, <300 pF: +ns/pF 
50 pF<C, < 150 pF 





















TABLE 1. BUS TIMING AS T DEPENDENT 








1/T <2.5 MHz | 2. |_| Symbol] 1/T<2.5 MHz |2.5MHz<1/T<4.0MHz| | 
f; (1/2)T-10 (1/2)T-30 min [Tors [(3/2+N)T | (3/2+N)T-50 | Min | 
(1/2)T-50 (1/2)T-45 [Min | town [(1/2)T+50 | (V2T Max 
Max] tirome [(1/2)T-100 | (1/2)T-65 | Min | 
Max|tiowe [(1/2)T-100 | (1/2)T-6 | Min 
tear [(1/2)T-75 | (/2)T-70, [Min [toy [(1/2)T-100 | (/ayT-50,— | Min 
toy [(1/2)T+30 | (42)T-25 Min [try [(1/2)T-50 | (1/2)F40 | Min | 
ton ((1/2)T +25 | (Tin [teu ([(1/2)T-120 | (1/2)T-85 | Min 
(1/2)T+50 | (1/2)T+35 [Max] tye) [(1/2)T-100 | (1/2)T-75 | Min | 
Itow  |T-10, | T-80, Min [toy [(1/2)T-115 | (1/2)T-75 Min | 
tow  [T+10) | TO Max tw) ((1/2)T-70 | (1/2)T-50——— | Min | 
Ftoescus [(/2+N)T | (5/2+N)T-25 [Min | tory [(1+N)T | (1 +N)T-50 | Min 
towacwe [(/2)T | Td Min ty, =f (t/Q)T-50— | (tayT-35 | Min 
towacige |(3/2)T+100 | (3/2)T+100[Max| twa) [(V+N)T | (1+N)T-25 {Min 
toy ([(@/2+N)T-125 | (3/2+N)T-125 [Max|twarsy [27-75 | 27-100, Min | 
toes (2) TT Min] tye 1+ NT | (1+ N)T-30 | Min | 
(3/2)T +50 Maxd) as cll 


Note: N is equal to number of WAIT states. 
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TIMING REFERENCE 


Interrupt—Power-Save Cycle 


Note 1: This t state is the last t state of the last M cycle of any instruction. 
Note 2: Response to INTR input. 
Note 3: Response to PS input. 


Bus Acknowledge Cycle 


ANY M CYCLE —» BUS AVAILABLE STATES ———-—-———__» 


* Waveform not drawn to proportion. Use only for specifying test points. 


AC Testing Input/Output Waveform AC Testing Load Circuit 


0.7 
O.7 Vcc TEST «60.7 Ver DEVICE 


0.2Vcc POINTS 0.2 Vcc UNDER 
TEST 
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TLC 51797 


qo pF 
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TIMING WAVEFORMS 


Opcode Fetch Cycle 
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MICROCOMPUTER FAMILY BLOCK DIAGRAM 











CLK XOUT GND Vec 





XIN Vcc 






PORT A 
































——>] INTR ADO-AD7 AD0-AD7 
3) ee te 8 BITS 

3, RSTA, B, C 

—>| NMI 
pals AB-A15 
iNTA - MPUS10A on 
sO ce RAM Al 

= =e V0 

St RO RD TIMER enue 
RFSH MPUsO0 we wh 6 BITS 
BREO CPU ALE 
BACK 1o/M TIMER 0 IN 
WAIT RESET OUT TIMER 0 OUT 






PS 





RESET IN 






PORT A 
8 BITS 


MPU830 
ROM 





PORT B 
8 BITS 





PORT C 
4 BITS 


STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
CORPORATION y information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
———— assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
(516) 273.3100 THX.510 227 3 «devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 

at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 


CORPORATION eres 
—_-— 


MPU 810A 
MPU 810A-1 
MPU 810A-4 


PRELIMINARY 


RAM-I/O-Timer 


FEATURES 


C] Variable Power Supply: 2.4V—6.0V 
( Pin-Compatible With NSC810 
C] Three Programmable I/O Ports 
_] Two 16 Bit Programmable Counter Timers 
_] Very Low Power Consumption 
_] Fully Static Operation 
LJ Single Instruction I/O Bit Operations - 
C] Timer Operation: DC to 5 MHz 
_] Bus Compatible with MPU800 Family 
LJ Three Speed Versions For Full 
Compatibility with the MPU800: 
MPU810-4—4 MHz 
MPU810 —2.5 MHz 
MPU810-1—1 MHz 


GENERAL DESCRIPTION 


The MPU810A functions as a memory, input/output 
peripheral interface, and a timing device. The memory is 
comprised of 1024 bits of static RAM organized 128 by 8. 

The I/O portion consists of 22 programmable input/out- 
put bits arranged as three separate ports, with each bit indi- 
vidually definable as an input or output. The port bits can 
be set or cleared individually and can be written or read in 
bytes. Several types of strobed mode operations are avail- 
able through port A. 

The timer portion of the device consists of two pro- 
grammable 16 bit binary down-counters each capable of 
operation in any one of 6 modes. Timer counts are extend- 
able by one of the available pre-scale values. The MPU810A 
comes in three speed versions to match the MPU800. 
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PIN CONFIGURATION 


PC3/TG 
PC4/T1IN 
TOIN 
RESET 
PC5/T10UT 
TOOUT 
1OT/M 
CE 

RD 

WR 

ALE 

ADO 

AD1 

AD2 

AD3 

AD4 

AD5 

AD6 

AD7 
GND 


Voc 
PC2/STB 
PC1/BF 
PCO/INTR 
PB7 

PB6 

PB5 

PB4 

PB3 

PB2 

PB1 

PBO 

PA7 

PA6 

PAS 

PA4 

PA3 

PA2 

PA1 

PAO 


OONOAOhWN = 


BLOCK DIAGRAM 


INTERNAL 
OATA 


CONTROL 
LOGIC 


PORT C 
PCO-PCS 
FUNCTIONS 
i oy 


1 
PRESCALE 


PRESCALE 
440) 
e— 


(20) 
o—> = 


FIGURE 1 








7 Input/Output Timer/ 
RAM Select 


Chip Enable 





9 Read 








Address Latch Enable 


3 Timer 0 Input 
Output Signals 


Input/Output Signals 


12-19 Address/Data Bus 
21-28 Port A, Bits 0-7 
29-36 Port B, Bits 0-7 


37-39,1,2,5} Port C, Bits 0-5 





[NAME | SvMiBoL_] 


|OT/M 


6 Timer 0 Output TOOUT 











DESCRIPTION OF PIN FUNCTIONS 


FUNCTION 
+ 5 volt supply 
Ground 


RESET is an active-high input that resets all registers to 0 (low). The RAM 
contents remain unaltered. 

Input/Output Timer or RAM Select (IOT/M): |OT/M is an I/O memory select 
input line. A logic 1 (high) input selects the 1/O-timer portion of the chip; a 
logic 0 (low) input selects the RAM portion of the chip. |OT/M is latched at 
the falling edge of ALE. 

CE is an active-high input that allows access to the MPU810A. CE is latched 
at the falling edge of ALE. 

The RD is an active-low input that enables a read operation of the RAM or 
1/O-timer location. 

The WR is an active-low input that enables a write operation to RAM or 
\/O-timer locations. 


The falling edge of the ALE input latches ADO-AD7, CE and IOT/M inputs 
to form the address for RAM, I/O or timer. 


TOIN is the clock input for timer 0. 













TOIN 


TOOUT is the programmable output of timer 0. After reset, TOOUT is set 
high. 


ADO-AD7 The multiplexed bidirectional address/data bus, ADO-AD7 pins, are in the 
high impedance state when the MPU810A is not selected. ADO-AD7 will 
latch address inputs at the falling edge of ALE. The address will designate 
a location in RAM, I/O or timer. WR input enables 8-bit data to be written 
into the addressed location. RD input enables 8-bit data to be read from 


the addressed location. The RD or WR inputs occur while ALE is low. 


Port A is an 8-bit basic mode input/output port, also capable of strobed 
mode I/O utilizing three control signals from port C. Strobed mode of oper- 
ation on port A has three different modes: strobed input, strobed output 
with active bus, strobed output with TRI-STATE bus. 


Port B is an 8-bit basic mode input/output port. 


Port Cis a6-bit basic mode I/O port. Each pin has a programmable second 
function, as follows: 


PCO/INTR: INTR is an active-low strobed mode interrupt request to the 
Central Processor Unit (CPU). 


PC1/BF: BF is an active-high buffer full output to peripheral devices. 
PC2/STB: STB is an active-low strobe input from peripheral devices. 
PC3/TG: TG is the timer gating signal. 

PC4/T1IN: T1IN is the clock input for timer 1. 

PC5/T1OUT: T10UT is the programmable output of timer 1. 


PAO-PA7 


PBO-PB7 
PCO-PC5 














ee) 


FUNCTIONAL DESCRIPTION 


Refer to Figure 7 for a detailed block diagram of the 
MPU810A. 


RANDOM ACCESS MEMORY (RAM) 


The memory portion of the RAM-I/O-timer is accessed by 
a 7-bit address input to pins ADO through AD6. The lIOT/M 
input must be low (RAM select) and the CE input must be 
high at the falling edge of ALE to address the RAM. Address 

_bit AD7 is a “don’t care” for RAM addressing. Timing for 
RAM read and write operations is shown in the timing 
diagrams.. 


INPUT/OUTPUT (I/O) 
THE I/O portion of the MPU810A contains three sets of 


I/O called ports. There are two ports (A and B) which con- 
tain eight bits each and one port (port C) which has six bits. 
Any bit or combination of bits in a port may be addressed 
with Set or Clear commands. A port can also be addressed 
as an 8-bit word (6 bits for port C). All ports share common 
function of Read, Write, Bit-Set and Bit-Clear. Additionally, 
port A is programmable for strobed (handshake) mode input 
or output. Port C has programmable second functions for 
each bit associated with strobed modes and timer func- 
tions. Table | defines the address location of the ports, tim- 
ers and control registers. 


MODE DEFINITION REGISTER (MDR) 
The mode definition register (MDR) defines the operating 
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mode for port A. While ports B and C are always in the basic 
I/O mode, there are four operating modes for port A: 


Mode 0-Basic I/O (Input or Output) 

Mode 1—Strobed Mode Input 

Mode 2—Strobed Mode Output—Active Peripheral Bus 

Mode 3-—Strobed Mode Output—TRI-STATE* 
Peripheral Bus 


The MDR has the address assignment xxx00111 and is 
illustrated for the four modes in Table II. 


DATA DIRECTION REGISTERS (DDR) 


Each port bit has a data direction register (DDR) that 
defines the I/O state of the bit. The bit is configured as an 
input if a “O” is written into its DDR, or as an output if a 
“1” is written. The DDR bits cannot be individually written 
to; the entire DDR byte is affected by a write to the DDR 
address. Thus, all data must be consistent with the direc- 
tion desired for each port. 


Any write or read operations on a port contradicting the 
DDR will not affect the port output or input. However, a 
read of a port bit, defined as an output, will cause a read 
from the output latch, and a write to a port bit, defined as 
an input, will modify the output latch. Refer to Figure 2. 


FIGURE 2. Block Diagram for Port Bit (i) 


INTERNAL 


DATA BUS WR(SET) 


WR WAR(CLR) 


OUTPUT DATA 
LATCH 


wA(ODR) 


(DATA DIRECTION) 


INPUT DATA 
LATCH 


8-Bit Address Field 
Bits 
6543 


x 
LB = low-order byte 


TABLE I. I/O AND TIMER ADDRESS DESIGNATIONS 


R (Read) 
W (Write) 


Designation 
1/0 Port, Timer, etc. 


~] 


Port A (byte) 

Port B (byte) 

Port C (byte) 

Not Used 
DDR—Port A 
DDR—Port B 
DDR—Port C 
Mode Definition Reg. 
Port A—Bit-Clear 
Port B—Bit-Clear 
Port C—Bit-Clear 
Not Used 

Port A—Bit-Set 
Port B—Bit-Set 
Port C—Bit-Set 
Not Used 

Timer 0 (LB) 
Timer 0 (HB) 
Timer 1 (LB) 
Timer 1 (HB) 
STOP Timer 0 
START Timer 0 
STOP Timer 1 
START Timer 1 
Timer 0 Mode 
Timer 1 Mode 
Not Used 

Not Used 

Not Used 

Not Used 

Not Used 

Not Used 


2 SSS22222 


2 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 


x «Ke KK KR KK KR KM KK KK KK KR KR KK KK KK KK KK KK KK K 
-| eeeaouweee 3 OQOodncoooooresetrraaeweruars Qoaqoncdoo0°andoeoo 
= - oo0odeerarraraoaoo0odcojrntodqdcejarnae oO Orwrr OO Ors fe 00400 + = 0 OO; — 
-"?A oft Of Of OO fP Of OfHP ORO LP Of? OL? OO fP OO LPO Hf OF 0+ OF 8 





= don't care. 


HB = high-order byte 
*A write accesses the modulus register, a read the read buffer. 
**A read from an unused location reads invalid data, a write does not affect 
any operation of MPU810A. 





BIT OPERATIONS 


The |/O features of the RAM-I/O-timer allow modification 
-of a single bit or several bits of a port with Bit-Set and Bit- 
Clear command. The address is set up to indicate that a 
Bit-Set (or Clear) is taking place. The incoming data on 
the address/data bus is latched at the trailing edge of the 
WR strobe and is treated as a mask. All bits containing 1s 
will cause the indicated operation to be performed on the 
corresponding port bit. All bits of the data mask with Os 
cause the corresponding port bits to remain unchanged. 
Three sample operations are shown in Table III using port 
B as an example. 


TABLE {Il. MODE DEFINITION REGISTER BIT 
ASSIGNMENTS 


reer 
4 
| 
-_ 
Oo. 
uu. 





*TRI-STATE® is a registered trademark of National Semiconductor 
Corporation. 


x=don't care 
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TABLE Ill. BIT-SET AND CLEAR EXAMPLES 


ww [See [air 
xxx01101 xxx01001 xxx01101 
10000000 | 00000101 00011010 


10001111 10001010 
10001010 | 10011010 


PORT FUNCTIONS-BASIC I/O 


Basic 1/O is the mode of operation of ports B and C and 
mode 0 of port A (defined by the MDR). Read and write 
byte operations, and bit operations can be executed in the 
basic I/O mode. The timing for basic input and basic out- 
put modes is shown in the AC Characteristics tables. 


When a read occurs, the information is latched from the 
peripheral (port) bus during the leading (falling) edge of 
the RD strobe. When a write occurs, the port bus is mod- 
ified after the trailing (rising) edge of the WR strobe with 
data from the AD bus. Port output data_remains valid at 
the output pin from one trailing edge of WR strobe to the 
trailing edge of the next WR strobe which then modifies 
that port. 


PORT A-STROBED (HANDSHAKE) MODE 


Port A can be programmed (via the MDR) into one of 3 types 
of strobed mode for handshake communication with intel- 
ligent peripherals. When port A is in mode 1, 2 or 3 (see 
description of MDR), port C pins 0, 1 and 2 are used as 

handshake signals between the peripheral and the CPU. 
These handshake signals are designated STB, BF, and 
INTR. Timing parameters and timing diagrams are detailed 
under AC Characteristics. 


INTR (Strobe Mode Interrupt) is an active-low 
interrupt from the I/O to the CPU. In strobed 
input mode, the CPU reads the valid data at 
port A to clear the interrupt. In strobed output 
mode, the CPU clears the interrupt by writing 
to port A. 


The INTR output can be enabled or disabled, 
thus giving the ability to contro! strobed data 
transfer under software control. It is enabled 
or disabled respectively, by setting (= 1) or 
clearing (= 0) the output data latch of bit 2, 
port C. Port bit PC2 is used as the STB input. 
Since PC2 is always an input during strobed 
mode of operation, its output data latch is not 
needed. Therefore, during strobed mode of 
operation it is internally gated with the inter- 
rupt signals to generate the INTR output. 
Reset clears this bit to zero, so it must be set 
to one to enable the INTR pin for strobed 
operation. Once the strobed mode of opera- 
tion ts programmed, the only way to change 
the output data latch of PC2 is by using the 
Bit-Set and Clear instructions. The port C byte 
write command will not alter the output data 
latch of PC2 during the strobed mode of 
operation. 


(Strobe) is an active-low input from the 
peripheral device, signaling that data-trans- 
fer is about to begin. This strobe is inter- 
preted as an “output request” if port Aisina 
strobed output mode, or as a “data-valid” 
signal if port A is in strobed input mode. 











Port Pins 
Prior State 


Next State 






00001111 
10001111 





i¢p) 
4 
@ 


BF (Buffer Full) is an output from the I/O to the 
peripheral signaling that data transfer is com- 
plete. In strobed input mode, this strobe indi- 
cates that data is received into port A and that 
no further data should be transmitted by the 
peripheral device until the port has been read 
(emptied). In strobed output mode, BF indi- 
cates that the request from the peripheral has 
been processed by the CPU and the valid data 
now appears in port A. 

Note: In either input or output mode BF may be cleared by rewriting mode definition 
register. 

The bits of port C that are used for handshake control of port 
A (bits CO, C1 and C2) must be direction-defined appropri- 
ately in the DDR. Also, the DDR of port A must be consist- 
ent with the mode specified in the MDR. Register set-up 
configurations for the three handshake modes are illus- 
trated in Table IV. 


TABLE IV. MODE DEFINITION REGISTER 
CONFIGURATIONS 


DDR DDR 
Port A Port C 
Strobed xxxxxx01 | OOOOOOOO | xxx011 | xxx1xx 
Input 
ou 


Output 
_ 


(Active) 

Strobed 

Output 

(TRI-STATE) 
Strobed Input (Mode 1) 
During strobed input operations, an external device can load 
data into port A with the STB signal. Data is input to the PAO- 
7 input latches on the leading (negative) edge of STB, 
causing BF to go high (true).:On the trailing (positive) edge 
of STB the data is latched and the interrupt signal, INTR, 
becomes valid indicating to the CPU that data is available 
for reading. INTR will become valid only if the interrupt is" 
enabled, that is the output data latch for PC2 is true. 


When the CPU reads port A, address X’00, the trailing edge 
of the RD strobe causes BF and INTR to become inactive, 
indicating that the strobed input cycle has been completed. 


Strobed Output (Mode 2) 


During strobed output operations, an external.device can 
read data from port A with the STB signal. Data is initially 
loaded into port A by the CPU writing to I/O address X’00. 
On the trailing edge of WR, INTR is set inactive and BF 
becomes valid indicating data is available for the external 
device. When the external device is ready to accept the data 
in port A it pulses the STB signal. STB will reset BF with its 
rising edge and also activates the INTR signal. 


INTR in this mode indicates a condition that requires CPU 
intervention, which is the output of the next byte of data. 


Strobed Output—TRI-STATE Mode (Mode 3) 


The strobed output TRI-STATE mode and the strobed out- 
put active (peripheral) bus mode function in a similar man- 
ner with one exception. The exception is that the data signals 
on PAO-7 assume the high impedance state at all times 
except when accessed by the STB signal. Thus, in addition 
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to its timing function, STB activates port A outputs to active 
logic levels. This mode 3 operation allows other data 
sources, in addition to the NSC810, to feed a common 
external device. 


TIMERS 

The two timers in the RAM-I/O-timer are 16-bit binary down- 
counters, each timer having six modes of operation. Full 
count is reached at ‘‘n + 1”, where “n” is the value loaded 
into the modulus register. Read and write commands can 
occur at any time, asynchronous to timer operation by 
addressing the timer read buffer or modulus register, 
respectively. Each timer has a mode register and a write- 
only start/stop register. Each timer also has a prescaler 
which divides the incoming clock signal by a programmable 
value, extending the effective ranges of the timers while 
maintaining 16-bit precision. Selected timer outputs are 
+ 1or+ 2fortimer1, and + 1, + 2,or ~ 64 for timer 0. 
Adiagram representing one timer and associated registers 
is shown in Figure 3. 


INTERNAL BUS 


(HIGH 
BYTE} 


(Low 
BYTE) 


(HIGH 
BYTE) 


(Low 
BYTE) 


MODULUS REGISTER READ BUFFER 


FIGURE 3. Timer Internal Block Diagram (One of Two) 


TIN, TOUT, AND TG 

Timer 0 has dedicated pins for its clock, TOIN, and its out- 
put, TOOUT. Timer 1 must borrow its input and output pins 
from port C. This is accomplished by writing to the TMR for 
timer 1. If mode 1,2,3,4,5, or 6 is specified in TMR 1, the 
pins from port C (PC3, PC4, and PC5) are automatically 
made available to the timer(s) for gating (TG), T1IN, and 
T10UT, respectively. These pins are also taken from port C 





any time timer 0 is in mode 2, 3, or 4. This is also automat- 
ically accomplished by writing TMR 0. In order to reconfi- 
gure pins PC3, PC4, PCS to their original configuration as 
standard I/O, the timer mode registers must be reset by 
selecting mode 0 or 7. 


TG (PC3), the timer gate, is used to hardware control the 
starting/stopping (or triggering) of the timers. The timer gate 
may be used individually by either timer or simultaneously 
by both timers. 


For modes 2 and 3, the timer starts on the gate-active tran- 
sition assuming the start address was previously written. If 
the timer gate makes an active transition prior to a write to 
the start address, the trailing edge of the WR strobe starts 
the timer. However, for mode 4 the timer always waits for an 
active gate edge following a write to the start address. 


The DDR for port C must be programmed with the correct 
1/O direction for TG and the input and output of timer 1. See 
Table V for programming examples. 


TIMER MODES 


The low-order three bits (bits 0, 1, 2) of the timer mode reg- 
isters (TMR) define the mode of operation for the timers. 
Each TMR may be written to, or read from, at any time. 
However, to ensure accurate timing, itis important to modify 
the mode of the timer only when the timer is stopped. Inputs 
of 000 or 111 will define a NOP (no operation) mode, the 
timer is stopped and the output is inactive. Inputs of 001 
through 110 will select one of six distinct timer functions. 


In the explanations that follow, assume that the modulus for 
the timer is loaded with the appropriate value by writing to 
the low and high bytes of each timer (I/O addresses X’10 
and X’11 for timer TO and X’12 and X’13 for timer T1). 
Assume also that the timer is started by writing the I/O 
address X'15 (TO) or X’'17 (T1) and the prescaler is not 
selected. 


Event Counter (Mode 1, TMR Bits = 001) 


In the non-gated mode,the count is decremented for each 
clock period at the input of the timer (see Figure 4a). When 
the count reaches zero, the output goes valid and remains 
valid until the timer count is read by the CPU, or the timer is 
halted. 


The timer is reloaded at the terminal count (= 0) with the 
modulus and continues to decrementeven when the output 
is valid. 


TABLE V. TIMER PROGRAMMMING SECTION EXAMPLE 





































Mode Register Bit Timer Mode Description Port C DDR 
Output Gate imi 
Sense Polarity Single/Double pinto eae 
76543210 Active Active Precision 543210 















L/H L/H 








s/D 















x= don't care 
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TABLE VI. MODE SELECTION 


BIT 210 Timer Function 


— Timer Stopped and Reset 
Event Counter 
Event Timer (Stopwatch) 


Event Timer (Resetting) 
One Shot 

Square Wave 

Pulse Generator 

Timer Stopped and Reset 





Accumulative Timer (Mode 2, TMR Bits = 010) 


In this gated mode, the counter will decrement only when 
the gate input is active (see Figure 4b). If the gate becomes 
inactive, the counter will hold at its present value and con- 
tinue to decrement when the gate again becomes active. 
When the counter decrement is zero, the output becomes 
valid and remains valid until the count is read by the CPU 
or the timer is halted. 


At the terminal count the timer is reloaded and the count 
continues as long as the gate is active. 


Restartable Timer (Mode 3, TMR Bits = 011) 


In this gated mode, the counter will decrement only when 
the gate input is active. If the gate becomes inactive, the 
counter will reload the modulus and hold this value until the 
gate again becomes active (see Figure 4c). If the timer is 
read when the gate is inactive, you will always read the value 
the timer has counted down to, not the value the timer has 
been reloaded with. The timer restarts at its modulus value. 
The prescaler is not reset at this time. 


At terminal count the output becomes valid and the timer is 
reloaded. The timer will continue to run as normal, the only 
difference is the output is valid. Once the output is valid it 
remains valid until the count is read by the CPU or the timer 
is halted. 

Note: The gate inactive time must be longer than the high time of the inter- 


nal clock on the chip. Therefore, with + 64 prescale selected the gate 
inactive time must be 33 input clocks or greater. 


One Shot (Mode 4, TMR Bits = 100) 


In this gated mode, the timer holds the modulus count until 
the active gate edge (see Figure 4d). The output immedi- 
ately becomes valid and remains valid as the counter dec- 
rements. The gating signal may go inactive without affecting 
the count. If TG (the gate) becomes inactive and returns 
active prior to the terminal count, the modulus will be 
reloaded, retriggering the one shot period. When the timer 
reaches the terminal count, the output becomes inactive. 
The gate, in this mode, is edge sensitive; the active edge is 
defined in TMR. 


Note: The one shot. cannot be retriggered during its last internal count 
regardless of prescaler selected. Therefore, in divide by 1 prescaler, it can- 
not be retriggered during the last clock, in divide by 2 prescaler, during the 
last two clocks and divide by 64 prescaler, during the last 64 clocks. 


Square Wave (Mode 5, TMR Bits = 101) 


In this non-gated mode, the output will go active as soon as 
the timer is started. The counter decrements for each clock 
period and complements its output when zero is reached 
(see Figure 4e). The modulus is then reloaded and count- 
ing continues. Assuming a regular clock input, the output 
will then be a square wave with a period equal to twice the 
value loaded into the modulus. Therefore, varying the mod- 


ulus will vary the duty cycle of the square wave. 


Stopping then restarting the timer does not reset the timer. 
In order to reload the modulus and start from the beginning 
of the cycle, the timer mode register must be reset by 
selecting mode 0 and then reprogramming the timer. 


Pulse Generator (Mode 6, TMR Bits = 110) 


In this non-gated mode, the counter decrements for each 
clock period (see Figure 4f). When the timer decrements 
to zero, the output becomes valid for one clock width. 

With a prescale of divide by 2 the output will be valid for one 
full clock and with divide by 64 prescale the output will be 
valid for 32 clocks. The modulus is then reloaded and the 
sequence is repeated. Varying the modulus value will vary 
the frequency of the pulse. 


Stopping then restarting the timer does not reset the timer. 
In order to reload the modulus and start from the beginning 
of the cycle, the timer mode register must be reset by 
selecting mode 0 and then reprogramming the timer. 


TIMER MODE REGISTER 


The timer mode register (TMR) may be written or read at 
any time; however, to assure accurate timing it is important 
to modify the mode when the timer is stopped. The timer 
mode is selected from one of six modes with TMR bits 0, 1, 
and 2. Bits 3 and 4 select the prescale value if the prescaler 
is to be used. Bits 5, 6 and 7 select the read/write 
mode, gate input polarity, and output sense (active-high or 
low). The bit functions of the TMR are further illustrated in 
Figure 6. 


™R 765 4321 0 


TIMING MODE 
PRESCALE VALUE 


SINGLE / DOUBLE PRECISION 
GATE INPUT POLARITY 
OUTPUT SENSE 


FIGURE 6. Timer Mode Register 





Timer Prescaler 


There is a prescale function associated with each timer. It 
serves as an additional divisor to lengthen the counts for 
each timer circuit. The value of the divisor is fixed and 
selectable in each TMR. 


The timer output is affected by the prescale selection. The 
output responds to the timer clock, not the incoming clock 
(TIN); so, TOUT will be prescaled by the same value as the 
timer. Although the 16-bit prescaled count of the timer may 
be read, the internal value of the prescaler cannot be read 
by the user. A 00” for either timer represents + 1 (no pre- 
scale). Timer 0 has the two possibilities of + 2or + 64: 


Timer Bit 43 Prescale 
00 > 1 
01 +2 
11 + 64 


Timer 1 has only the + 2 prescale available; TMR bit 4 is a 
“don't care”. 


Timer Bit 4 3 Prescale 
x 0 : 


x 1 29 
Single/Double Precision 


A two-byte word (or a single byte when one byte is a “don't 
care’) may be read from or written to the timers. To program 
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Timer Mode Examples (Modulus register is loaded with 0004 for these examples) 


[++ one CYCLE 


(ADDRESS START) 
RO 

(ADDRESS TIMER) 
OUTPUT 


(ACTIVE-LOW 
INTERRUPT) 


FIGURE 4a. Event Counter Mode (Mode 1) 


}+-——+|— one CYCLE 


(ADDRESS START) 


{ADDRESS TIMER) 


GATE 
(ACTIVE-HIGH) 


output 
(ACTIVE-LOW 
INTERRUPT) 


FIGURE 4b. Accumulative Timer (Mode 2) 


j+——+|- one CYCLE 
CLOCK 


COUNT (¥ 
4 4 3 2 1 0 4 3 4 4 4 


WA 
(ADDRESS START) 


RO 6 
(ADDRESS TIMER) Po 
GATE le. e) 


(ACTIVE-HIGH) 


OUTPUT. 
(ACTIVE-LOW) 


FIGURE 4c. Restartable Timer (Mode 3) 


CLOCK 
COUNT 


WA 
(ADDRESS START) 


GATE 
(ACTIVE-HIGH) RETRIGGER 


OUTPUT 
(ACTIVE-LOW) 


FIGURE 4d. One Shot (Mode 4) 


pH CYCLE 


Wa 
(ADDRESS START) 


OUTPUT 
(ACTIVE LOW) 


CLOCK 
COUNT 


2s 
=z 
= 
= 
o 
ae 
i“e) 





Wa 
(ADDRESS START) 


OUTPUT 
{ACTIVE LOW) 


FIGURE 4f. Pulse Generator (Mode 6) 
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aoess 77) nooness. CLL‘ WLLL 


VALID ees VALID 
TIMER CLOCK FOR 
NON-GATED MODES 
(1, 5, 6) 


A. INTERNAL TIMER ACTIVE 
TG (GATING SIGNAL) 
(TMR 6=0) . 


test 
TIMER CLOCK FOA 
GATED MODES ; . / \ / \ / : 
(2, 3, 4) 


INTERNAL TIMER ACTIVE 


Note: Diagonal lines indicate interval of invalid data. twse—-WR set-up for stopping timer 150 ns 


For mode 4 (one shot), only start-timing applies 
twst-WR set-up for starting timer 150 ns 


testr~TG (gate) set-up for starting timer 100 ns 
tesp-TG (gate) set-up for stopping timer 100 ns 


FIGURE 5. Start/Stop Timing 


the timer buffers, TMR bit 5 must be set as follows: ; 


0—Double byte read or write low byte first, then high byte... 


The order of low byte first, high byte second must be 
maintained for proper Read/Write communications 


1—Single byte read or write low byte only—high byte “don’t 
care” or high byte only with low byte “don’t care.” 


The difference between these modes is that the double 
byte mode freezes the read buffer or the modulus register 
until you have had an opportunity to read or write both bytes. 
The following example clearly illustrates this point. If the 
timer had a value of 200 when the low byte was read and 
then decremented to 1FF before the high byte was read then 
the double byte mode would have read 00 and 02, respec- 
tively. The single precision mode would have read 00 and 
01. 


Note: In the double precision mode, the high byte should be read imme- 
diately after the low byte. Do not access any other registers or unused 
address location between the reads. 


Gate Input Polarity 
The TG input is the hardware control for starting and stop- 


ping the timers. For modes 2 and 3, the timer starts on the | 


gate-active transition assuming the start address was pre- 
viously written. If the timer gate makes an active transition 
prior to a write to the start address, the trailing edge of the 
WR strobe starts the timer. However, for mode 4 the timer 
always waits for an active gate edge following awrite to the 
start address. 


The polarity of the gate input may be selected by the con- 
tents of bit 6 of the TMR. If bit 6 equals 0, the gate signal will 
be active-high or positive edge for mode 4; if bit 6 equals 1, 
the gate polarity will be active- low or negative edge for 
mode 4. 


Timer Output Polarity 


Like the gating function, the polarity of the Suita signal is 
also programmable via bit 7 of the TMR. A zero will cause 
an active-low output; a one will generate an active-high 
output. 


The output for T1 is multiplexed with port C, bit 5. (Similarly 
T1INis multiplexed with port C, bit 4.) When any timer mode 
other than 0 or 7 is specified for T1, or when mode 2, mode 
3, or mode 4 is specified to TO, the three port C pins, bit 3, 
bit 4, and bit5, become TG, T1IN, and T1OUT, respectively. 
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TIMER PROGRAMMING 
The proper sequence to program the timer is as follows: 


1. Write timer mode register with mode 0 or 7 selected. This 
stops the timer, resets the prescaler, and sets internal clock 
high. 

2. Write timer mode register again, this time setting it up to 
your requirements. 


3. Write the modulus values, low byte first, high byte second. 
4. Start the timers. 


The timer output latches are only updated when the internal 
timer clock gets an active transition. The internal timer clock 
is defined as the output of the prescaler. Therefore, it is 
impossible to read back the value just written to the timer 
unless you have an active transition on the internal clock. 


To guarantee the integrity of the data during a read opera- 


- tion, updates to the timer output latches are blocked out. If 


an update is blocked out due to a read, the output latches 
will not be updated until the next active transition. If contin- 
uous reads were made to the timers and an update was 
blocked out it would appear as if a count was skipped. For 
example, if the output latches were FF when a block out 
occurred, the next update would occur at FD, thereby giving 
an appearance of the count FE being skipped. In actuality 
the correct number of clocks has occurred for the timer to 
read FD. 


Writing the modulus value when the timer is running does 
not update the timer immediately. The new value written will 
get into the timer when the timer hits its terminal count and 
reloads its value. If the timer is stopped and a modulus is 
written the new modulus value will get into the timer only if 
the internal clock is high for some period before the start 
command. If it does not go high then the next time the timer 


‘hits its terminal count it will load the new modulus. One way 


to guarantee the data will get into the timer immediately is 
to follow steps 1-4. Although this procedure guarantees that 
the data will get into the timer you will not be able to read it 
back until you get'an active transition on the internal clock. 


Rewriting modulus does not reset the prescaler. The only 
way to reset the prescaler is to write the mode register and 
have internal clock signal be high for some period between 
the write of the mode register and the start of the timer. Once 
again steps 1 through 4 will reset the prescaler. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 
Storage Temperature Range ........... cc cece cece cece eee n eee e cece eee e eee n seen eens eee eeeebeneeeeenenenees — 65°C to + 150°C 


Voltage at Any Pin with Respect to Ground .......... cece cece cece cece cece ene e enone eee eeeennnneeeees —0.3V to Veg + 0.3V 
Ve criivansed Lapis padue aatuah en teasers aoa aben bia veda Mesed awa t Lamas Tunes RTs dy ae MA ag ye casna ae meester s tuanaearouaas senders 7V 
Power DiSSipatiorie sic 2 cca es axe 55.s-c5:a54 asi Miele bia Pa-nian dials woseuets cuaiaiRb adeeb ug abd Mead dase vee RRNA bee ode Sona Redden 1W 


Lead Temperature (Soldering, 10 Seconds) ..............cceeeeeee cece cece cece eetete eee eccene | pe mc ccccen es 


OPERATING CONDITIONS \,, = 5V + 10% 





Symbol| __Parameter_—|_——Condiitions_ | Min. | Typ. 
Vu Logical 1 InputVoltage [| | 7M | | Me 
Vit Logical 0 Input Voltage Pe es | 


Vou Logical 1 Output Voltage = i 
Ci 
Vor Logical 0 Output Voltage | Ih, = 2mA 0.4 


hy InputLeakage Current | 0<Vw<Veo | = 10.0 | | 10.0 | HA 
lou Output Leakage Current -100 | | 100 | HA 
10 


lec Active Supply Current lour = 0, Timer = Mode 1, TOIN = 


le No Input Switching, T, = 25°C 
Cu | InputCapacitance | 
Cour | OutputCapacitance | 
Vec___| PowerSupplyVoltage [| 
Voy | DataRetentionVoltage | | 









LOW VOLTAGE OPERATION Preliminary 


10 





Note 1: Absolute maximum ratings are those values beyond which the safety of the device cannot 
be guaranteed. Continuous operation at these limits is not intended; operation should be limited to 
those conditions specified under DC Electrical Characteristics. 


icc —SUPPLY CURRENT (mA) 





4500 3000 1500 1000 750 
twcy (ns) 
0 1 2 3 4 
MPU800 CLOCK SPEED* (MHz) 
“When MPU801A is used with NSC800 


TIMER AC ELECTRICAL CHARACTERISTICS 


Symbol[ Parameter — | Conditions_ | “Min | Typ | Max | Units 
|ClockFrequency [| || S| Me 
|ClockFrequency | PrescaleSelected =| OC | | 8.0 | MHz 
|ClockPulsewidth | tO || ns 
[Clock Pulse Width | PrescaleSelected | 75 | | 
too [| |S 
|GateHold Time __| With RespecttoNegativeClockEdge | 250 | | 
|= 100 pF | || 850 | 













~< 
“Zz 
= 
— 
oO 
w 
ie) 
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AC ELECTRICAL CHARACTERISTICS 


tacc_ | AccessTimefromALE ———s«[CL=150pF| _—[ to00 | — | 400 | _—i|_ 300 | ns 
tor | ADO-7,CE,IOT/MHoldTime | | too | =| 0 | | 30 | S| ss 
tie ALE Strobe Width (High) | = { 200 [| tas | of 5 |) ns 
tw | ALEtoRDorWRStrobe | | 150 | | 120 | | 75 | ns 
tas | ADO-7,CE,IOT/MSet-UpTime | | too] | 75 | | 40 | | ns 
tor | DataHoldTime | S| tc | | | | 4 | ss 
too | PortDataOutputvalid = | | St 50 | S| 310 | ~— | 300 | ns 
tos | DataSet-UpTime | | stoo | S| 80] S| 50 | S| 
tee _| PeripheralBusEnable ss | S| S| 320 | ~~ | 200 | | 200 | ns 
teu | PeripheralDataHoldTime |_| 150 | | 125] | 100 | | ns 
tes ___| PeripheralDataSet-UpTime | ss | too] | 75] | 50 | ns 
ter Peripheral Bus Disable |] 150 a 150 fd 150 | ns 
(TRI-STATE®) 
tee | RDtoBFOutpt | CT Sf 00 | ~— | 300 |_| 300 | rs 
too | ReadStrobeWidth | | 00 | ~Ssd| 320 | | 220 | ss 
ttoo | DataBusDisable | S| S| 00 |_| 100 | 0 | 75 | os 
tr |RDtoINTROutput || | 20 | S| 320 | | 300 | hs 
trwe | RDorWRtoNextAle | S| st | | 100] | 75 | | ns 
tts | STBtoBFValid = | | S| 00 |_| 300 |_| 300 | ns 
hs, Peripheral Data Hold with Respect Le ae eed. ns 
to 
ts |STBtoINTROutpt || Sf 00 | | 300 | — | 800 | ns 
Respect to STB 
tw _|STBWidth ss | ———s| to || —Ss| 20] | 220 | ins 
twe | WRtoBFOutpt || S| to | | 340 | | 300 | ss 
twa | WRStrobewidth | | 40 |S | 320 | | 220 | [ns 


twor___| WidthofMachineCycle | ~—| 3000| | ta00] | 750 | | ns 


MPUSIOA 
RAM 
10 
TIMER 
MPU800 
(CPU) 


TIMER 0 1N 
TIMER G OUT 


MPU830 
ROM 


MPU MICROCOMPUTER 
FAMILY BLOCK DIAGRAM 
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AC TESTING INPUT/OUTPUT WAVEFORM AC TESTING LOAD CIRCUIT 


DEVICE 
UNDER 
TEST 


as pF 


TIMER WAVEFORMS 


CLK 

GATE 

OUTPUT 
(ACTIVE LOW) 


GENERAL TIMING WAVEFORMS 
Read Cycle (Read from RAM, Port or Timer) 


Oe LLL te LLL 


7 = a 


RD 


tRwa 


wears) Bus LLL 


tps pH TLIC/5517, . 


Note: Diagonal lines indicate interval of invalid data. 


Write Cycle (Write to RAM, Port or Timer) 


twr too —>} 


et MM, 


Note: Diagonal lines indicate interval of invalid data. 


597 


SECTION IX 





HANDSHAKE TIMING 
Strobed Mode Input 


want's) us ZL 


INTR 


wor 


ALE 


RD 


Note: Diagonal lines indicate interval of invalid data. 


Strobed Mode Output 


ora LZ “MMU 


anion 7X _rort aanon 77/77 onan LLL 


ACTIVE (MODE 2) 
OLD DATA 


TRI-STATE (MODE 3) 
mearpenmnen ope eapenp ap Ge ep «ep ep @® == &= aw aw = a= == = 


Note: Diagonal lines indicate interval of invalid data. 


STANDARD MICROSYSTEMS — Sireu'tciagrams utilizing SMC products are included as a me 
tons consequ hadial A rails ete informa tion suttie eat ier nated ction purposes is n arily giv 
CORPORATION, nformation has bee reful ily ¢ che ake a ad | s be alie ved be ntirely retiable. However ne *respo sibility is 
sumed foninaccuracies: Hl hi nde nate ndoesn nl convey to the eed er of the semicondu 
" eee = s described any licen unde Hie e paten nts aghis of SM C or others. SMC tse s the right toma ake oh ng 
t any time in order to foprove sign pply the best product possible. 
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Se Oe ee ea 
n. The 


tor 
s 


CONNOR TON TENS | eae 
———== 


PRELIMINARY 






MPU 830 ROM I/O Device 
MPU 831 I/O Device 


FEATURES PIN CONFIGURATION 


C] Variable Power Supply: 2.4V—6.0V 
ZC) Pin-Compatible With NSC830/NSC831 


L] Three; Programmable |/O Ports er 5 
L] 2K x 8 Read Only Memory (MPU830) Ag 13 
C Very Low Power Consumption Saas 
( Fully Static Operation CE,/cE,* C16 
_ UO Single Instruction I/O Bit Operations 10M 47 
1 Bus Compatible With MPU800 Family ORCe CEE PH aR 
(] Strobed Mode Available on Port A WR PC1/BF 


PC2/STB 


PC3 
PBO 
PB1 
PB2 
PB3 
PB4 
PBS 
PB6 
PB7 


“Pin Gis mask programmable asCE,orCE,, _—S “Tie pins 2, 3 and 4 to either Voc oF Vs. 
Pin 8 is mask programmable as IOR, CE,, or CE, 





GENERAL DESCRIPTION 


Figure 1 
The MPU830 is a combination ROM and I/O Ctl —O» 
peripheral device contained in a standard 40 pin ones 
package. : o “oie 
The ROM is comprised of 16,384 bits of Read p HANDSHAKE 


LOGIC 


Only Memory organized as 2048 by 8. 

The I/O portion consists of 20 programmable 
input/output bits arranged as three separate ports, ; a 
with each bit individually definable as an input or earnté {1 33.39) 
output. The port bits can be set or cleared individ- Pie PAD-PAT 
ually and can be written or read in bytes. Several 
types of strobed mode operations are available 
through port A. . 

The MPU831 is similar to the MPU830 except on 
that is contains no ROM. The MPU831 is useful for BUFFERS 
prototyping work prior to ordering the MPU830, and 
when on chip ROM is not required. 


PBO-PB7 


2s 
4 
Ss 
e 
ADDRESS! re] 
DATA 7) 


(12-19) (29-32) 
BUFFERS 
AND PCO-PC3 
HANDSHAKE 





INTERNAL 
(40) DATA 
Vee 5p) 


Note: Applicable pinout for 40-pn dual-in-ine package within parentheses BLOC K DIAG RAM 
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DESCRIPTION OF PIN FUNCTIONS 


| PINNO. | == NAME ——s|s SYMBOL FUNCTION _ 
input Signals ee ee 


5 Master Reset RESET Anactive-high input on the RESET pin initializes the chip causing the three 
1/0 ports (A, B and C) to revert to the input mode. The three ports, the three 
data direction registers and the mode definition register are reset to 
tow (0). 


Input/Output/Memory 1O/M The IO/M pinis a latched, select input line. A high (1) input selects the I/O 
Select portion of the chip; a low (0) input selects the ROM portion of the chip. The 
select inputis latched by the trailing edge (high to low transition) of the ALE 
signal. 

Chip Enable 0 CEO/CEO__| The chip enable inputs are mask programmable at the factory. The CE 
Chip Enable 1 !0R/CE1/CE1 | inputs permit the use of multiple MPU830s in a system without using a chip 
select decoder. The CE inputs must be active at the falling edge of ALE. 
At ALE time, the CE inputs are latched to provide access to the MPU830. 
The IOR input performs the same function as the combination of IO/M input 
high and the RD input low. 


Read When the RD (or the IOR, when mask programmed) inputis an active low, 
data is read from the ADO-AD7 bus. When both RD and IOR are high, the 
ADO-AD7 bus is in the high impedance state. 

Write WR When the CE inputs are active, and the |O/M input is high, an active low 
WR input causes the selected output port to be written with the data from 
the ADO-AD7 bus. 

Address Latch Enable | ALE The trailing edge (high to low transition) of the ALE input signal latches the 
address/data present_on the ADO-AD7 bus, A8-A10 bus, plus the input 
control signals on |O/M, CE,/CE,, and CE,/CE,. 

Address Bus A8-A10 A8, A9-A10 The high-order bits of the ROM address are input on this 3-bit bus and are 
latched by the high-to-low transition of the ALE input. These bits do not 
affect the I/O operations. 


Input/Output Signals aa a eS 


Bidirectional Address/ | ADO-AD7 The lower 8 bits of the ROM or I/O address are applied to these pins, and 

Data Bus latched by the trailing edge of ALE. During read operations, 8 bits are pres- 
enton these pins, and are read when RD or IOR is low. During an I/O write 
cycle, Port A, B, or C is written with the data present on this bus at the 
trailing edge of the WR strobe. 





7 





10 
11 
2-4 





1, 39-33 | Port A, Bits 0-7 PAO-PA7 These are general purpose I/O pins. Their input/output direction is deter- 
28-21 Port B, Bits 0-7 PBO-PB7 mined by the contents of the Data Direction Register (DDRs). 
32-29 Port C, Bits 0-3 PCO-PC3 
FUNCTIONAL DESCRIPTION MODE DEFINITION REGISTER (MDR) 
Refer to Figure 7 for a detailed block diagram of the The Mode Definition Register (MDR) defines the operating 
MPU830. mode for Port A. While Ports B and C are always in the basic 


a Aad Memory (ROM): The memory portion of the 1/O mode, there are four operating modes for Port A: 
-l/O is accessed by an 11-bit address input to pins ADO- Rac 

AD? and A8-A10. The IO/Minputmustbelow(ROMselect) G0 cree say ne Put 

and the chip enable pins in the active programmed state at ode 1—Strobed Mode Input 
the falling edge of ALE to address the ROM. Timing for ROM Mode 2-Strobed Mode Output 


read and write operations is shown in the timing diagrams. e Active Peripheral Bus 
Input/Output (I/O): The I/O portion of the MPU830 con- Mode 3—Strobed Mode Output 

tains three sets of I/O called Ports. There are two ports (A ¢ TRI-STATE® (high impedance) 
and B) which contain 8 bits each and one port (Port C) which Peripheral Bus 


has 4 bits. Any bit or combination of bits in a port may be The MDR has the I/O address assignment XXX00111. The 
addressed with Set or Clearcommands. Aportcanalsobe _ bit configuration for the mode selection is illustrated below: 


addressed as an 8-bit word (4 bits for Port C). When reading 
Port C, bits 4-7 willbe read as ones. All ports share common 
functions of Read, Write, Bit-Set and Bit-Clear. Additionally, 
Port A is programmable for strobed (handshake) mode input 
or output. Port C has a programmable second function for 
each bit associated with strobed modes. Table 7 defines 
the address location of the ports and control registers. 


*TRI-STATE® is a registered trademark of National Semiconductor 
Corporation. NOTE: X = don'tcare 





600 


Table 1.1/0 and Address Designations 


8-Bit Address Field 
Bits 


x KK KK KK KK KK KK KK KIN 
Kx KK KK KK KK KOKO OK OK OK OKO 
<x KK KK KKK KKK KOK OK OK OKI 
x KKK KK mK KK KK KK KK KL 
=~ eee ini QOD AG GG olw 
= 4a HA ODODOB AAA DOO O|N 
=-=- 004220 02-0 02240 0/4 
shay Sat ap shee St ate canta at iS Mae 


NOTE: X = don’tcare 


DATA DIRECTION REGISTERS (DDR) 


Each port bit has a data direction register (DDR) which 
defines the I/O state of the bit. The bit is configured as an 
input if a “O” is written into its DDR, or as an output if a “1” 
is written. The DDR bits cannot be individually written to: 
the entire DDR byte is affected by a write to the DDR 
address. Thus all data must be consistent with the direction 
desired for each port. 


Any write or read operations on a port contradicting the DDR 
will not affect the port output or input. However, a read of a 
port bit defined as an output will cause a read from the out- 
put latch, and a write to a port bit defined as an input will 
modify the output latch. 


PORT FUNCTIONS—BASIC I/O 





Basic I/O is the mode of operation of Ports B and C and 


mode 0 of Port A (defined by the MDR). Read, write, and bit 
operations can be executed in the basic I/Omode. The tim- 
ing for basic input and basic output modes is shown in the 
AC Characteristics tables. 


When a read occurs the information is latched_from the 
peripheral bus on the leading (falling) edge of the RD strobe. 
When a write occurs the port bus is modified after the trail- 
ing (rising) edge of the WR strobe with data from the AD 
bus. Port output data remains valid on the output pin from 
one trailing edge of WR strobe to the trailing edge of the 
next WR strobe. 


BIT OPERATIONS 


The I/O features of the ROM-I/O allow modification of a sin- 
gle bit or several bits of a port with Bit-Set and Bit-Clear (see 
Figure 2). The address is set up to indicate that a bit set (or 
clear) is taking place. The incoming data on the address/ 
data bus is latched at the trailing edge of the WR strobe and 
is treated as a mask. All bits containing “1s” will cause the 
indicated operation to be performed on the corresponding 
port bit. All bits of the data mask with “Os” cause the cor- 
responding port bits to remain unchanged. Three sample 
operations are given, using Port B as an example: 
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Designation 
1/O Port, etc. 


R (Read) 
W (Write) 


Port A (byte) 

Port B (byte) 

Port C (byte) 

Not Used 

DDR — Port A 
DDR — Port B 
DDR — Port C 
Mode Definition Register 
Port A — Bit Clear 
Port B — Bit Clear 
Port C — Bit Clear 
Not Used 

Port A — Bit Set 
Port B — Bit Set 
Port C — Bit Set 
Not Used 


Bit B2 Set B4, B3 


Address XXX01101 | XXX01001 | XXX01101 





|2eeSeseese | 222 































Data 10000000 ; 00000101 00011010 
Port Pins 
Prior State | 00001111 10001111 10001010 


Next State | 10001111 10001010 10011010 


INTERNAL 


DATA BUS —_ WR (SET) 


WR (CLR) 


OUTPUT DATA 
LATCH 


WR (DDR) 


(DATA DIRECTION) 


FIGURE 2. Block Diagram for Port Bit (i) 





PORT A—STROBED (HANDSHAKE) MODE 


Port A can be programmed (via the MDR) into one of 3 types 
of strobed mode for handshake communication with intel- 
ligent peripherals. When Port A is in mode 1, 2, or 3 (see 
description of MDR), Port C pins 0, 1, and 2 are used as 
signals to and from the peripheral and to the CPU, control- 
ling handshake operations. These control signals are des- 
ignated STB, BF, and INTR. Timing parameters and timing 
diagrams are detailed under AC Characteristics. 








INTR (Strobe Mode Interrupt) is an active-low 
interrupt from the I/O to the CPU. In strobed 
input mode, the CPU reads the valid data at 
Port A to clear the interrupt. In strobed output 
mode, the CPU clears the interrupt by writing 


to Port A. 


The INTR output can be enabled or disabled, 
thus giving the ability to control strobed data 
transfer under software control. It is enabled 
or disabled respectively, by setting (= 1) or 
clearing (= 0) the output data latch of bit 2, 
Port C. Port bit PC2 is used as the STB input. 
Since PC2 is always an input during strobed 
mode of operation, its output data latch is not 
needed. Therefore, during strobed mode of 
operation it is internally gated with the inter- 
rupt signal to generate the INTR output. Reset 
clears this bit to zero, so it must be set to one 
to enable the INTR pin for strobed operation. 
Once the strobed mode of operation is pro- 
grammed, the only way to change the output 
data latch of PC2 is by using the Bit-Set and 
Clear instructions. The Port C byte write 
command will not alter the output data latch 
of the PC2 during the strobed mode of 
operation. 





STB (Strobe) is an active-low input from the 
peripheral device, signaling that data trans- 
fer is about to begin. This strobe is inter- 
preted as an “output request” if Port Aisina 
strobed output mode, or as a “data valid” sig- 
nal if Port A is in strobed input mode. 





ABSOLUTE MAXIMUM RATINGS 


Storage Temperature Range ............ ce ese eeeereeeeeeenees 
Voltage at Any Pin With Respect to Ground .................. 


Vw | Logical inputVoltage | | Me | | Me 


BF (Buffer Full) is an output from the I/O to the 
peripheral signaling that data transfer is com- 
plete. In strobed input mode this strobe indi- 
cates that datais received into Port Aand that 
no further data should be transmitted by the 
peripheral device until the port has been read 
(emptied). In strobed output mode the BF 
indicates that the request from the peripheral 
has been processed by the CPU and the valid 
data now appears in Port A. 


The bits of Port C that are used for handshake control of 
Port A (bits CO, C1, and C2) must be direction-defined 
appropriately in the DDR. Also, the DDR of Port A must be 
consistent with the mode specified in the MOR. Register set- 
up configurations for the three handshake modes are illus- 
trated in Table 2. 


Table 2. Mode Definition Register Configurations 


DDR DDR 
PortA Port C 


XXXXXX01| 00000000 | XXX011 









Strobed 
Input 


Strobed 
Output 
(Active) 


Strobed 
Output 
(TRI- 
STATE) 


XXX1XX 












XXXXXO11 | 14111111 | XXXO1W1 | XXX1XX 


XXX011 





XXXXX111] 11111114 XXX1XX 


sik Sch Siasnerue Ut Ragv wins Kagniaee Dou nd esas — 65°C ta + 150°C 
a a 0.3V to Voc + 0.3V 
cSubleasincemonstaedsnmadevine sun ede Veta cad waeaeeea wos 7V 





va _[LogicalOinputvotage | || id (Mae 
eassome Te | 


Vv 

V, Logical 1 Output Voltage us 
u 

a 2 9° [our = 10 nA [Vec-05| | sd SV 

V 

Vv 


a 
vax | toatealo ouput votage = @MA_____}_9_}_|_04_ 


hie Input Leakage Current 0< Vw < Veco 


| -100 | | 100 | HA 


l,__| Output Leakage Current |0<VnsVeo | = 10.0 | | 10.0 | BA 
loc Active Supply Current lour = 9, twey = 750 ns rT 8 | to mA 


lo _| Quiescent Current No Input Switching, T, = 25°C 


Cn Input Capacitance 
Cour 


Voc - Power Supply Voltage | 


|InputCapacitance | Ta 
| OutputCapacitance | | | tS 
(Saar ne er meercneetety We a Se 


| | 10 | 100 | A 
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LOW VOLTAGE OPERATION Preliminary lc vs. SPEED 





AC TESTING INPUT/OUTPUT WAVEFORM 


70% 70% 
20% 20% 


Icc~SUPPLY CURRENT (mA) 


AC TESTING LOAD CIRCUIT 










DEVICE 
UNDER 


0 
TEST 4500 3000 1500 1000 750 


twey (ns) 


150 pF 
. 0 1 2 3 4 


= MPU800 CLOCK SPEED* (MHz) 
“WHEN MPU830/MPU831 -S_USED WITH MPU800 


AC ELECTRICAL CHARACTERISTICS 








Symbol Parameter et aes MPU831-1 MPU831 = 
| Min | Max | Min | Max | Mi 
the C.=150pF| | 1000 | 400 | ~—s_|_300 | nn 
tar | ADO-AD7,CE,1OT/MHoldTime | ss | 100/ ~~ |_ eo] =| 30| iC 
tue | ALEStrobeWidth(High) | | 200 | S| 125 | | 
ta | ALEtoRDorWRStrobe | | st50 | | 120/ | 75 | | ns 
tas | ADO-AD7,CE,1OT/MSet-UpTime| ss | too | =~ | 75| | 40 | sins 
tor | DataHoldTime = “sss| SC] 5 | | S| 40 | ns 
too | PortDataOutputvalid | | S| 850 | =~ | 310 |__| 300 | ns 
tos___|DataSet-UpTime  ——— ss | S| | ~Ssid| S80] | 50 || | ns 
te | PeripheralBusEnable  =——(s§s| S| S| 320 | | 200 | ns 
tox __| PeripheralDataHoldTime ss || | (150 ~~ | 125] ~~ | 100 | _ _—si'|,ns 
tes __| PeripheralDataSet-UpTime | ss |_'100| ~~ | 75| ~~ | 50 | _—i|_is 
Sa 
(TRI-STATE®) 
tes | RDtoBFOutput | | | 300 | ~—«| 300 |_—*Y|:_ 300: | ns 
tro | ReadStrobeWidth =| S| 400 | ~—s | 320 | 220 | | ns 
too | DataBusDisable = | S| S| 00 |_| 100 | OO | 75 | ns 
tr |RDtoINTROutpt | | | 820 || | 320 | | 300 | ns 
twa | RDtoWRtoNextALE ——“§ss| S| 125 (| | too] ~— | 75 | | ons 
tw | STBtoBFValid = | | | 300] | 300 | ‘| 300/| ns 
iss Peripheral Data Hold With Respect ee ee eae ns 
to 
= | STBtoINTROuput = | Sit 300 | ——s || 300 |_| 300 | ns > 
Respect to STB 5 
tw | STBWidth = CTC C*idE:«C || Ss] || | p20 | | ts eB 
tws | WRtoBFOutpt = (“asss| CT Sid 40 | | 340 | | 300 | rs ™ 
tw | WRtoINTROutpt |] St 320 |_| 320 |__| 300 | ns 
twa | WRStrobeWidth | | 400 || Ss] 20 | | 220. | sis 
twev___| WidthofMachineCycle ss | ~—Ss| 3000] ~~] 1200] ~—s | 750 | ins 


GENERAL TIMING WAVEFORMS 
Read Cycle (Read from ROM or Port) 


won TR se) 








tRwA ———#| 


TLL. 








CMLL 
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HANDSHAKE TIMING Strobed Mode Output 


+ 7 ALLL 


ALE 


a a a 
~- IIIT )-- 2X1 -- 





——_-—-—,  -— 


Strobed Mode Input 


woo 1K rs XII TTL 








APPROVED FORMATS FOR CUSTOM PROGRAMMED PARTS 


Input Medium: b. All EPROMs must be labeled (stickers, paint, etc.) with 
2716 EPROM this block designation plus a customer assigned print or 
2708 EPROM identification number. 


Example: 


Only one customer program may be included in a single a . cicoPraaain Length-2K 


IMPORTANT—EPROM LABELING 


order. The following method must be used to identify the ° Medi . 
se edium—Two 2708s = 

EPROMs comprising a program. ¢ Customer Print or I.D. No. C123-45 ie 

a. The EPROMs used for storing a custom program are 2. EPROM Labels re 


designated as shown: 
2716: BlockA 0-2047 | C123-45 C123-45 
2708: BlockA 0-1023 A Bo aw 
Block B 1024-2047 0-1023 1024-2047 
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Verification 


You will receive a listing of the options ordered and the input 
data. If you also wish to receive EPROMs for verification, 
please send additional blank EPROMs as necessary for this 
purpose. You can use software (the listing) or hardware 
(EPROMs) to verify the program. 


You will be asked for GO/NO GO response within one week 
after you receive the listing. 


VERIFICATION LISTING 
The verification listing has six sections: 


1. A cover sheet with provision for “STOP, DO NOT PRO- 
CEED” or “VERIFICATION CERTIFIED” signatures. 


2. Description of the options you have chosen. 


3. A description of the log designations and assumptions 
used to process the data. 


4. A listing of the data you have submitted. 
5. An error summary. 


6. A definition of the standard logic definitions for the ROM 
and the reduced form of the data. This list shows the out- 
put word corresponding to each address coded in binary. 


SSS a TT EE TE EE ET RIE TIS EE IESE EIS: ETL E TT, 
ORDERING INFORMATION FOR CUSTOM PROGRAMMED PARTS 


The following information must be submitted with each custom ROM program. An order will not be processed unless 


it is accompanied by this information. 


Person (Customer, Sales Representative, etc. )to whom 
Verification Package be sent: 


Name 

Company 

Address 

City, State, and Zip Code 


Person (Customer) SMC Can Contact for 
Technical Questions 


Telephone Number 


Sales Representative 


INPUT MEDIUM 


See following page for approved formats. Please check 
the medium you are using. , 


LL) 2716 EPROM 
L] 2708 EPROM 
____. Total number of EPROMs 


STANDARD MICROSYSTEMS 


35 Marcus Bid Hauppauge NY 11788 
(516) 273-3100 TWX- 510-227-8898 


SMC PART NUMBER AND PACKAGE 


ROM Letter Code (SMC Use Only) 

Customer Name and Location 

Customer Print or 1.D. Number for this ROM Program 
Purchase Order Number 


Device Marking Instruction (Unless otherwise instructed. 
SMC will always mark devices with Date Code, SMC 
Part No., and ROM Code. Any additional marking should 
be shown below.) 


Customer Service Representative 


OPTIONS FOR MPU830 ROM-1/0 


Option 1 = O 
CE, Select, enter: 0 for CE, 
1 for CE, 


Option 2 = 0 


CE,/IOR Select, enter: 0 for IOR 
a 1 for CE, 
2 for CE, 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 


at any time in order to improve design and supply the best product possible. 


606 


STANDARD MICROSYSTEMS 
——— 






Package Outlines 


14, 16, 18, 20 PIN HERMETIC PACKAGE 





=e Wy 
--° —|c Li SEATING PLANE +I ‘ 


24, 28, 40 LEAD HERMETIC DIP 


— 





wm] [ae .05 =r 


E 
t —|}=— 0.010 NOM 
rt 0.10: ee bo TYP 


PIN “SPACING Sr 0.0181 VP -— 600 rer—-| 


| 





= 


0.250 





PIN NO 110 





| 0.130 








0.060 
\—_—_— 
TYP 








0.018 
— 
TYP 


~ 


ALL UNITS INCHES UNLESS OTHERWISE SPECIFIED 





0.100 ; 075 
Y' 






a eae LEAS | JB LEAD. 201 EAD | 
MIN | MAX| MIN [MAX| MIN [MAX] MIN | MAX | 
| ts} [75] z5| | 175 | 


|_F | .048 | .060 | .048 | .060 | .048 | .060 | .048, 


| G_|.os0| .110| 090] .110 | .090| 110 | .o90| 110. 


130 
325 
pM | [ro] fro] fio} | 10° | 
__N_ | 025] .060 | .025 | .060 | .025 | .060 | .026 | .060 | 


®. 24 LEAD 28 LEAD 40 LEAD 


| 8 | ss0| s00| s60| s00| 66 58 
* [> [ aro[ oo| 70] 020] oro | ovo 
= | 025] 060] 02s | 060] 025 | 060 









ele 


























0.300 
0.340 +0025. 





14 LEAD PLASTIC DIP 





= 
= 
- 
Oo 
uy 
” 





8 LEAD PLASTIC DIP 16 LEAD PLASTIC DIP 








2A0MIN 









020 
0.130 






250 
300 


6.340 +0.025 


400MAX | 
af 


018 TYP IL a 


+ TYP 


.060 
TYP 


012 + 0.002 


18 LEAD PLASTIC DIP 20 LEAD PLASTIC DIP 


prow 
420nh 












9.210 
9.130 








250 


0.340 +0.025 


| 0.250 | 
0.300 


1,050 MAX 


012 + 0.002 012 + 0.002 


ot 
N 
BSS 
a 
—" 
nh 
qn 
a 
—s 
BSN 
BAN 
oa 
—t 
BSS 
oa 
(oa) 
i) 
oO 
- 
a 
i) 
oO 
a 
ol 





145] 155/145] 155] 145 | 155) 
| D | oistyp | o1sTYP_ | .o1gTYP | 
| & | osotyp_| .o6oTyp | .o6oTyP | 
| Gc | 099] .101| 099] .101| .099| «101 | 
| mM | 2%] | 20/ | 20] | 










ALL UNITS INCHES UNLESS OTHERWISE SPECIFIED 
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STANDARD MICROSYSTEMS 
CORPORATION 













Cerdip Package Outlines 


14, 16, 18, 20 LEAD CERDIP PACKAGES 


te at 
r iain 


24, 28, 40 LEAD CERDIP PACKAGES 


es 


yeti al ke 


|DIM| 8LEAD | 14LEAD | 16LEAD | 18LEAD | 20LEAD | 24LEAD | 28LEAD | 40LEAD | 
|B | 245-295 | .244-.295 | 244-205 | .265-.295 | .265-.295 | .510-.595 | .510-.595 | .510-.595 | 
| D_| .016-.020 | .016-.020 | .016-.020 | .016-.020 | .016-.020 | .016-.020 | .016-.020 | .016-.020 | 
| E | 290-320 | .290-.320 | .290-.320 | .310-.330 | .310-.330 | .590-.620 | .590-.620 | .590-.620 | 
|G |.100:.010| 100.010] 100.010] 100.010 | 100.010] .100.010|.100+.010| .100-.010 | 
pu |_| ossrve [ osorve | osotve [ caotye | osstve | oasrye | oas-Tve 
|_J_| .008-.012 | .008-.012 | .008-.012 | .008-.012 | .008-.012 | .008-.012 | .008-.012 | .008-.012 | 
_t | 400max | .400 max | 400 MAX | 400 MAX | .400 MAX | .700 MAX | .700 MAX | .700 MAX | 
| M_| 240-300 | .240-.300 | .240-.300 | .240-.300 | .240-.300 | .240-.300 | .240-.300 | .240-.300 | 


ALL UNITS INCHES UNLESS OTHERWISE SPECIFIED 





8 LEAD CERDIP PACKAGES 
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STANDARD MICROSYSTEMS 
CO ION 


———— 


ALABAMA 
Microsystems Sales 
Box 169147 

8411 Sterling Street 
Suite 102 

Irving, TX 75063 
(214) 252-5548 
TWX 910-997-0646 


ARIZONA 
RELCOM Inc. 
4314 E. Tonto St. 
Phoenix, AZ 85044 
(602) 893-1209 


ARKANSAS 
Technology Sales Co. 
4851 Keller Springs Rd. 
Suite 103 

Dallas, TX 75248 

(214) 380-0200 


CALIFORNIA 
(Southern) 

Varigon Associates 
137 Eucalyptus Drive 
El Segundo, CA 90245 
(213) 322-1120 


Varigon Associates 
22976 El Toro Rd. 
Suite 1 

EI Toro, CA 92630 
(714) 855-0233 


(San Diego) 

CERCO 

5230 Carroll Canyon Rd. 
San Diego, CA 92121 
(619) 450-1755 


(Northern) 
Costar, Inc. 


19220 Stevens Creek Blvd. 


Cupertino, CA 95014 
(408) 446-9339 
TWX 910-338-0206 


COLORADO 

D-Z Associates, Inc. 
3699 West 73rd Ave. . 
Westminster, CO 80030 
(303) 429-9369 

TWX 910-931-0809 


CONNECTICUT 

Orion Group 

27 Meriden Ave. 
Southington, CT 06489 
(203) 621-8371 


DELAWARE 

Tritek Sales Inc. 

21. Euclid Ave. 
Haddonfield, NJ 08033 
(215) 627-0149 

TWX 710-896-0881 


FLORIDA 
Microsystems Sales 
Box 169147 

8411 Sterling Street 
Suite 102 

Irving, TX 75063 
(214) 252-5548 
TWX 910-997-0646 


GEORGIA 
Microsystems Sales 
Box 169147 

8411 Sterling Street 
Suite 102 

Irving, TX 75063 
(214) 252-5548 
TWX 910-997-0646 


IDAHO 

SDR? Products & Sales Co. 
14230 N.E. 8th Street 
Bellevue, WA 98007 

(206) 747-9424 


IOWA 

Quantum Sales 

10800 Normandale Blvd. 
Bloomington, MN 55437 
(612) 884-4700 


ILLINOIS 

METCOM Associates Corp. 
Two Talcott Road 

Park Ridge, IL 60068 

(312) 696-1490 


INDIANA 

Wilson Technical Sales, Inc. 
P.O. Box 40699 
Indianapolis, IN 46240 
(317) 298-3345 

TWX 810-341-3264 


KANSAS 

S.W. Wollard Co. 
Rural Route 1 Box 66A 
Parker, KS 66072 
(913) 898-6552 


KENTUCKY 

Wilson Technical Saies, Inc. 
P.O. Box 40699 
Indianapolis, IN 46240 
(317) 298-3345 

TWX 810-341-3264 


LOUISIANA 
Technology Sales Co. 
4851 Keller Springs Rd. 
Suite 103 

Dallas, TX 75248 

(214) 380-0200 


MAINE 

Mill-Bern Assoc., Inc. 
120 Cambridge St. 
Suite 8 ; 
Burlington, MA 01803 
(617) 273-1313 


MARYLAND 

Robert Electronic Sales 
5525 Twin Knolls Rd. 
Suite 331 

Columbia, MD 21045 
(301) 995-1900 


MASSACHUSETTS 
Mill-Bern Assoc., inc. 
120 Cambridge St. 
Suite 8 

Burlington, MA 01803 
(617) 273-1313 


MICHIGAN 

A.P. Associates 
P.O. Box 777 
Brighton, MI 48116 
(313) 229-6550 
TWX 810-242-1510 


MINNESOTA 

Quantum Sales Inc. 
10800 Normandale Blvd. 
Bloomington, MN 55437 
(612) 884-4700 


MISSISSIPPI 
Microsystems Sales 
Box 169147 

8411 Sterling Street 
Suite 102 

Irving, TX 75063 
(214) 252-5548 
TWX 910-997-0646 


SALES REPRESENTATIVES 


MISSOURI 

Abrams & Assoc. 
67 Ladue Estates 
St. Louis, MO 63141 
(314) 569-0447 


MONTANA 

SDR? Products & Sales Co. 
14230 N.E. 8th Street 
Bellevue, WA 98007 

(206) 747-9424 


NEBRASKA 

S.W. Wollard Co. 
Rural Route 1 Box 66A 
Parker, KS 66072 
(913) 898-6552 


NEVADA 
RELCOM Inc. 
4314 E. Tonto St. 
Phoenix, AZ 85044 
(602) 893-1209 


NEW JERSEY 
(Northern) 


Lorac Sales Electronics Inc. 


550 Old Country Rd. 
Room 410 
Hicksville, NY 11801 
(516) 681-8746 
(201) 622-4958 


(Southern) 

Tritek Sales Inc. 

21. Euclid Ave. 
Haddonfield, NJ 08033 
(215) 627-0149 

TWX 710-896-0881 


NEW HAMPSHIRE 
Mill-Bern Assoc., Inc. 
120 Cambridge St. 
Suite 8 

Burlington, MA 01803 
(617) 273-1313 


NEW MEXICO 
RELCOM Inc. 
4314 E. Tonto St. 
Phoenix, AZ 85044 
(602) 893-1209 


NEW YORK 


Lorac Sales Etectronics Inc. 


550 Old Country Rd. 
Room 410 
Hicksville, NY 11801 
(516) 681-8746 
(201) 622-4958 


(Upstate) 

L-Mar Assoc., Inc. 

216 Tilden Drive 

E. Syracuse, NY 13057 
(315) 437-7779 


L-Mar Assoc., Inc. 
4515 Culver Rd. 
Rochester, NY 14622 
(716) 323-1000 


NORTH DAKOTA 
Quantum Sales 

10800 Normandale Blvd. 
Bloomington, MN 55437 
(612) 884-4700 


OHIO 
(Southern) 
Thompson & Associates 
1151-D Lyons Rd. 
Dayton, OH 45459 

513) 435-7733 

LX 810-459-1767 


611 


(No. Ohio, Cleveland) 
Thompson Associates 
23715 Mercantile Rd. 
Beachwood, OH 44122 
(216) 831-6277 

TWX 810-427-9453 


OKLAHOMA 
Technology Sales Co. 
4851 Keller Springs Rd. 
Suite 103 

Dallas, TX 75248 

(214) 380-0200 


OREGON 


SDR? Products & Sales Co. 


1056 N.E. Birchaire Lane 
Hillsboro, OR 97123 
(503) 796-1350 


PENNSYLVANIA 
(Eastern) 

Triteck Sales Inc . 

21 E. Euclid Ave. 
Haddonfield, NJ 08033 
(215) 627-0149 

TWX 710-896-0881 


(Western) 

Thompson & Associates 
1151-D Lyons Rd. 
Dayton, OH 45459 
(513) 435-7733 


RHODE ISLAND 
Mill-Bern Assoc., Inc. 
120 Cambridge St. 
Suite 8 

Burlington, MA 01803 
(617) 273-1313 


SOUTH DAKOTA 
Quantum Sales 

10800 Normandale Bivd. 
Bloomington, MN 55437 
(612) 884-4700 


TENNESSEE 
Microsystems Sales 
Box 169147 

8411 Sterling Street 
Suite 102 

irving, TX 75063 
(214) 252-5548 
TWX 910-997-0646 


TEXAS 

(El Paso) 
RELCOM Inc. 
4314 E. Tonto St. 
Phoenix, AZ 85044 
(602) 893-1209 


Technology Sales Co. 
4851 Keller Springs Rd. 
Suite 103 

Dallas, TX 75248 

(214) 380-0200 

TLX 910-860-5368 


Technology Sales Co. 
3409 Executive Center Rd. 
Suite 139 

Austin, TX 78731 

(512) 345-2331 


UTAH 

D-Z Associates, Inc. 

2520 So. State St. 

Suite 154 

Salt Lake City, Utah 84115 
(801) 486-4233 


VERMONT 

Mill-Bern Assoc., Inc. 
120 Cambridge St. 
Suite 8 

Burlington, MA 01803 
(617) 273-1313 





AREA SALES 
MANAGEMENT OFFICES 


EASTERN AREA 

35 Marcus Boulevard 
Hauppauge, NY 11788 
(516) 273-3100 

TWX 510-227-8898 
TELEX 221646 


WESTERN AREA 

Turk Enterprises 

2172 Dupont Dr., Patio Bldg. 
Irvine, CA 92715 

(714) 955-1575 

TWX 910-595-2635 


SOUTHERN AREA 
Microsystems Sales 
Box 169147 

8411 Sterling Street 
Suite 102 

Irving, TX 75063 
(214) 252-5548 
TWX 910-997-0646 


NO. CENTRAL AREA 
Standard Micro Sales, Inc. 
P.O. Box 292497 

3411 Office Park Drive 
Suite 209B 

Kettering, OH 45429 
(513) 293-5393 

TWX 810-459-1617 


VIRGINIA 

Robert Electronic Sales 
Suite 103 

7637 Hull St. 
Richmond, VA 23235 
(804) 276-3979 


(West Virginia) 
Thompson Associates 
23715 Mercantile Rd. 
Beachwood, OH 44122 
(216) 831-6277 

TXW 810-427-9453 


WASHINGTON 

SDR? Products & Sales Co. 
14230 N.E. 8th Street 
Bellevue, WA 98007 

(206) 747-9424 


WASHINGTON D.C. 
Robert Electronic Sales 
§525 Twin Knolls Rd. 
Suite 331 

Columbia, MD 21045 
(301) 995-1900 


WISCONSIN 

(East) 

Metcom Associates Corp. 
237 S. Curtis Rd. 

W. Allis, WI 53214 

(414) 476-1300 


(West) 

Quantum Sales 

10800 Normandale Blvd. 
Bloomington, MN 55437 
(612) 884-4700 


WYOMING 

SDR? Products & Sales Co. 
14230 N.E. 8th Street 
Bellevue, WA 98007 

(206) 747-9424 


PUERTO RICO 

Mill-Bern Assoc., inc. 

G.P.O. Box 4543 

San Juan, Puerto Rico 00936 
(809) 792-1541 
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INTERNATIONAL SALES REPRESENTATIVES AND DISTRIBUTORS 


AUSTRIA 

O. Lackner 

Elektron Bauelemente 
und Gerate 
Landstrasser 
Hauptstrasse 37 
A-1031 Wien 
43-222-752618 

TLX 847111198 


AUSTRALIA 

Total Electronics 

9 Harker St. 

Burwood, Victoria 3125 
(03) 288 4044 

TLX AA 31261 


BELGIUM 

Auriema, Belgium S.A./N.V. 
Rue Brognezstraat 172-A 
B-1070 Brussels, Belgium 
32-2-523-6295 

TLX 84621646 


BRAZIL 

Filcres 

Rua Aurora, 165 
CEP 01209 

Caixa Postal 18767 
Sao Paulo 
011-223-7388 

TLX 1131298 


CANADA 

(Toronto) 

Haltronics, Ltd. 

355 Iroquiois Shore Rd. 
Oakville, Ontario 
Canada L6H 1M3 
(416) 844-2121 

TLX 06-982389 


(Ottawa) 

Haltronics, Ltd. 

1510 Merivale Rd. #4 
Nepean, Ontario K2G 3J6 
(800) 387-7955 


(Montreal) 
Haltronics, Ltd. 
6600 Trans Canada 
Suite #750 

Pointe Claire, 
Quebec HOR 482 
(800) 387-7955 


(Calgary) 
Haltronics, Ltd. 
205 9th Ave. S.E. 
Suite #300 
Calgary 

Alberta T2G OP8 
(800) 387-7949 


DENMARK 

Tage Olsen A/S 
Ballerup Byvej 222 
2750 Ballerup 
Denmark 
45-2-658111 

TLX 85535293 


FINLAND 

Instrumentarium Elektroniikka 
P.O. Box 64 

SF-02631 ESPO0 63 
90-755-4144 

TLX 124426 


DISTRIBUTORS 


ARIZONA 

Cetec Electronics 
3617 N. 35th Ave. 
Phoenix, AZ 85017 
(602) 272-7951 


Kachina Electronic Dist. 
1425 N, 27th Lane 
Phoenix, AZ 85009 
(602) 269-6201 


Western Microtechnology Sales 
7740 E. Redfield 

Scottsdale, AZ 85260 

(602) 948-4240 


CALIFORNIA 
Cetec Electronics 
5610 E. Imperial Hwy. 
South Gate, CA 90280 
213) 773-6521 
714) 521-7412 


Cetec Electronics 
721 Charcot Ave. 
San Jose, CA 95121 
(408) 263-7373 


Cetec Electronics 
3940 Ruffin Rd. 

San Diego, CA 92123 
(619) 278-5020 


Cetec Electronics 
1692 Browning 
Irvine, CA 92714 
(714) 250-4141 


Diplomat Electronics, Inc. 
1293A Mt. View-Alviso Rd. 
Sunnyvale, CA 94086 
(408) 734-1900 


Diplomat Electronics, Inc. 
140 Mc Cormick Ave. 
Costa Mesa, CA 92626 
(714) 549-8401 


Diplomat Electronics 
20151 Bahama St. 
Chatsworth, CA 91311 
(818) 341-4411 


Diplomat Electronics 
9787 Aero Drive 

San Diego, CA 92123 
(619) 292-5693 


NESCO 

7110 Gerald Ave. 
Van Nuys, CA 91406 
(800) 423-2664 


NESCO 

1651 E. Edinger Ave. 
Suite 108 

Santa Ana, CA 92705 
(714) 541-6181 


» Western Micro Sales 


10040 Bubb Road 
Cupertino, CA 95014 
(408) 725-1660 


COLORADO 

Bell Industries 

Electronic Distributor Div. 
8155 W. 48th Ave. 
Wheatridge, CO 80033 
(303) 424-1985 


Diplomat Electronics, Inc. 
96 Iverness Dr., East 

Unit R 

Englewood, CO 80112 
(303) 799-8300 


A.C.T.—Rocky Mountain 
4016 Youngfield Street 
Wheatridge, CO 80033 
(303) 422-9229 


CONNECTICUT 
Diplomat Electronics, Inc. 
52 Federal Road 
Danbury, CT 06810 

(203) 797-9674 


J.V. Electronics, Inc. 
690 Main Street 

East Haven, CT 06512 
(203) 469-2321 


Milgray/Connecticut 
378 Boston Post Road 
Orange, CT 06477 
(203) 795-0711 


FLORIDA 

Diplomat Electronics, Inc. 
2120 Calumet St. 
Clearwater, FL 33515 
(813) 443-4514 


Diplomat Electronics, Inc. 
1300 N.W. 65th Place 

Ft. Lauderdale, FL 33309 
(305) 974-8700 


Milgray/Florida, Inc. 
1850 Lee Rd., Suite 104 
Winter Park, FL 32789 
(305) 647-5747 

(800) 327-5262 


GEORGIA 

Diplomat Electronics, Inc. 
6659 Peachtree Ind. Blvd. 
Suite B 

Norcross, GA 30092 
(404) 449-4133 


pul li Masai. 

17 Dunwoody Park, Suite 102 
Atlanta, GA 30338 

(404) 393-9666 

(800) 241-5523 


FRANCE 

Tekelec Airtronic 
Cite Des Bruyeres 
Rue Carle Vernet 
BP2 92319 Sevres 
33-1-534-7535 
TLX 204552F 


GREAT BRITAIN 
Manhattan (Skyline) Ltd. 
5/7 Forlease Rd. 
Maidenhead 

Berks, England SL6 IRP 
United Kingdom 
44-628-75831 

TLX 851-847898 


HOLLAND 
Auriema Nederland BV 


-Doornakkersweg 26 


5642MP Eindhoven 
Nederland 
31-40-816565 

TLX 84451992 


HONG KONG 

Protech Components Ltd. 
Wing Shing Ind. Bidg., 

26 g Fong St. 

San Po Kong, 

Kowloon 

3-255106 

TLX 38396 PTLD HX 


INDIA 

FEGU, Inc. 
Electronics Div. 

3308 Middlefield Road 
Palo Alto, CA 94306 
(415) 493-1788 

TWX 345599 


ILLINOIS 

Diplomat Electronics, Inc. 
1071 Judson St. 
Bensenville, IL 60106 
(312) 595-1000 


Mar-Con 

4836 Main Street 
Skokie, IL 60076 
(312) 675-6450 


INDIANA 

Advent Electronics 
8446 Moller Rd. 
Indianapolis, IN 46268 
(317) 872-4910 


IOWA 

Advent Electronics 

682 58th Ave., CT., SW 
Cedar Rapids, IA 52404 
(319) 363-0221 


KANSAS 
Milgray/Kansas City 
6901 West 63rd St. 
Overland Park, KS 66202 
(913) 236-8800 


MARYLAND 

Diplomat Electronics, Inc. 
9150 Rumsey Rd., Suite A6 
Columbia, MD 21045 

(301) 995-1226 


Milgray/Washington 
11820 Parklawn Dr. 
Rockville, MD 20852 
(301) 468-6400 
(800) 638-6656 


Resco/Baltimore 

4961 Mercantile Road 
White Marsh, MD 21236 
(301) 529-0500 

TWX 710-232-1819 


Resco/Washington 
10523 Ewing Ra. 
Beltsville, MD 20705 
(301) 937-9100 


MASSACHUSETTS 
Diplomat Electronics, Inc. 
28 Cummings Pk. 
Woburn, MA 01801 

(617) 935-6611 


JV Elec. of Boston Inc. 
207A Cambridge St. 
Burlington, MA 01803 
(617) 273-4300 


Milgray/New England 


* 79 Terrace Hall Ave. 
_ Burlington, MA 01803 
| 617) 272-6800 


ITALY 

Dott. Ing. Guiseppe 

De Mico S.P.A. 

Viale Vittorio Veneto 8 
20060 Cassina De Pecchi 
Milano, Italy 
02-95-20-551 

TLX 330869 


JAPAN 

TOMEN Electronics Corp. 
1-1 Uchisaiwai-Cho 

2 Chome, Chiyoda-Ku 
Tokyo 100 Japan 
506-4670-6 

TLX J23548 


Internix Inc. 

7-4-7 Nishishinjuku 
Tokyo 160 
03-369-1101 

TLX: J26733 


NORWAY 

National Elektro A/S 
Trade Division 
Ulvenveien 75 

P.O. Box 53, Oekern 
N. Oslo, 5, Norway 
02-644970 

TLX 71265 


SOUTH AFRICA 

Eagle Electric 

31-41 Hout Street 
Capetown 8000 
Republic of South Africa 


451421 : 
TLX 960570713 


RC Components 

222 Andover St. 
Wilmington, MA 01887 
(617) 657-4310 


MICHIGAN 

Advent Electronics 

24713 Crestview Ct. 
Farmington Hills, MI 48018 
(313) 477-1650 


Calder Electronics 

6731 28th St., N.E. 
Grand Rapids, MI 49506 
(616) 949-2900 


MINNESOTA 

The Joel Company 
8836 7th Ave. North 
Minneapolis, MN 55427 
(612) 545-5669 


NEW JERSEY 

Diplomat Electronics, Inc. 
490 South Riverview Dr. 
Totowa, NJ 07512 

(201) 785-1830 


Milgray/Delaware Valley 
3002 Greentree 
Executive Campus 
Marlton, NJ 08053 

609) 983-5010 

09 257-7808 

800) 257-7111 


NEW MEXICO 

Bell Industries 

yy Electronic Div. 
11728 Linn N.E. 
Albuquerque, NM 87123 
(505) 292-2700 


NEW YORK 
Diplomat Electronics 
110 Marcus Dr. 
Melville, NY 11747 
(516) 454-6400 


Diplomat Electronics 
4610 Wetzel Road 
Liverpool, NY 13088 
(315) 652-5000 


Current Components 
215 Marcus Blvd. 
Hauppauge, NY 11788 
(516) 273-2600 


ADD Electronics 

7 Adler Drive 

E. Syracuse, NY 13057 
(315) 437-0300 


612 


SOUTH KOREA 

Kortronics Enterprise 

Room 307, B-9 

#604-1, Guro-Dong, Guro-gu 
Seoul 

634-5497 

TLX MICROS K28484 


SPAIN 

Amitron S.A. 
Loeches, 6 
Madrid 8, Spain 
34-1-2485863 
TLX 83145550 


SWEDEN 

NAXAB 

Box 4115 

17104 Solna, Sweden 
08-98-51-40 

TLX 17912 


SWITZERLAND 
Datacomp AG 

Zurchestr 20 

CH-8952 Schlieren, Zurich 
41-1-7302165 

TLX 854553533 


TAIWAN 

Multitech Int’t Corp. 

977 Min Shen E. Road 
Taipei 105 Taiwan R.O.C. 
02-769-1225 

TLX 23756 


WEST GERMANY 
Tekelec Airtronic Gmbh 
NussbaumstraBe 4 
8000 Muenchen 2 
89-594621 

TLX 05-22241 


Milgray Electronics, Inc. 
77 Schmitt Bivd. 
Farmingdale, N.Y. 11735 
(516) 420-9800 


Milgray/Upstate NY 
57 Monroe Ave. 
Pittsford, NY 14534 
(716) 385-9330 


OHIO 

Applied Data Management 
435 Dayton St. 

Cincinnati, OH 45214 
(513) 579-8108 


Milgray/Cleveland 
6155 Rockside Rd. 
Cleveland, OH 44131 
216) 447-1520 
800) 321-0006 © 
800) 362-2808 


OKLAHOMA 
Quality Components 
9934 E. 21st St. 
Tulsa, OK 74129 
(918) 664-8812 


PENNSYLVANIA 

QED Electronics, Inc. 
139 Terwood Rd. 

Box T 

Willow Grove, PA 19090 
(215) 657-5600 


TEXAS 

Quality Components, Inc. 
4257 Kellway Circle 

P.O. Box 819 

Addison, TX 75001 

(214) 733-4300 


Quality Components, Inc. 
1005 Industrial Blvd. 
Sugarland, TX 77478 
(713) 491-2255 


Quality Components, Inc. 
2427 Rutland 

Austin, TX 78758 

(512) 835-0220 


UTAH 

Bell Industries 

Elect. Distributor Div. 
3639 West 2150 South 
Salt Lake City, UT 84120 
(801) 972-6969 


Diplomat Electronics, Inc. 
3007 S.W. Temple 

Salt Lake City, UT 84115 
(801) 486-4134 





EUROPE SALES OFFICE 


Standard Microsystems GmbH 
Arabellastrasse 5-Buero 131 
D-8000 Muenchen 81 

WEST GERMANY 
49-89-919594 

TLX 5214433 SMCG 


APPLICATIONS CENTER 


FAR EAST 
SMC International 
6F-1, 323 


02-946-9666 
TLX 78532490 SMC FE 


A.C.T.—Salt Lake City 
2105 E. 6320S. 

Salt Lake City, UT 84121 
(801) 487-8131 


WASHINGTON 

Western Microtechnology Sales 
14778 N.E. 95th Street 
Redmond, WA 98052 

(206) 881-6737 


WISCONSIN 
Taylor Electric 
P.O. Drawer 11N 
Milwaukee, WI 53201 
414) 241-4321 
WX 910-262-3414 


CANADA 

Future Electronics Inc. 
237 Hymus Blvd. 
(Point Claire) 
Montreal, Quebec 
Canada H9R 5C7 
(514) 694-7710 


Future Electronics Inc. 

82 St. Regis Crescent North 
Downsview, Ontario, M3J 123 
(416) 638-4771 


Future Electronics Inc. 
3070 Kingswa 
Vancouver, B.C. VSR 5J7 
(604) 438-5545 


Future Electronics, Inc. 
Baxter Center 

1050 Baxter Road , 
Ottawa, Ontario, K2C 3P2 
(613) 820-8313 


Future Electronics Inc. 
5809 Mac Leod Trail S. 
Unit 109 

Calgary, Alberta T2H OJ 
(403) 259-6408 
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